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Page is not included in this copy.

Pages ‘2575 through QLSE‘ are not included.

The material not included contains the following type of
information: «

_____ Identity of product inert ingredients.
_____ Identity of product impurities.

_____ Description of the product manufacturing process.
_____ Description of gquality control procedures.

_____ Identity of the source of product ingredients.
_____ sales or other commercial/financial information.
_____ A draft product label.

_____ The product confidential statement of fortiula.
_____ Information about a pending registration action.
;Z;_ FIFRA registration data.

_____ The document is a duplicate of page(s) .

The document is not responsive to the requést.

The information not included is generally considered confidential
by product registrants. If you have any questions, please contact
the individual who prepared the response to your request.
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DATA EVALUATION RECORD
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Hutagenicity--Unscheduled DNA Repair in Primary Rat
Hepatocytes

STUDY  IDENTIFICATION: Puri, E. and HMuller, D. Autoradiographic DNA
repgir test on rat hepatocytes with G 30 027, technical. (Unpublished
study No. 331171 prepared and submitted by CIBA-GEIGY Ltd., Basle,
Switzerland; dated May 16, 1984.) Accession No. 284052.
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4.

TEST MATERIAL: 6 30 027 tech
had a purity of $8.2%; no further details were provided.

STUDY/ACTION TYPE: Mutagenicity-—-Unscheduled DNA repair in primary

rat hepatocytes.

STUDY 1DENTIFICATION: Puri,

study No. 831171 prepare
Switzerland; dated May 16,

REVIEWED BY:

Nancy E. McCarroll, B.S.
pPrincipal Reviewer
fynamac Corporation

8renda Worthy, M.T.
Independent Reviewer
Dynamac Corporation

APPROVED BY:

1. Cecil Felkner, Ph.D.
genetic Toxicology
Technical Quality Control
Dynamac Corporation

Henry Spencer, Ph.D.
EPA Reviewer

Albin Kocialski, Ph.D.
EPA Section Held

CHEMICAL: Atrazine; 6 30 027.

nical was from batch No. p 210200 and

€. and Muller, 0. Autoradiographic DNA
repair test on rat hepatocytes with 6 30 027, technical. (Unpublished
4 and submitted by CIBA-GEIGY Ltd., Basle,
1984.) Accessfion Ko. 2840352.

Signature: ___LW(J\
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Signature: ‘/h;ylhw

Date: 2-23-TF
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Signature:
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Signature: Z . et~
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In support of this recommendation, Barfknecht et al.® recently
demonstrated that an 18~-hour exposure periocd was superior to
shorter intervals for detecting the ONA repair elicited in
response to chemicals such as a-nitroquinoline-1-oxide, mitomycin
€, and dimethylnitrosamine, which are well known for their ONA-
damaging activity.

It is noteworthy that the concentration of DMN (100 m*} selected
by the authors to demonstrate a positive 13.5-fold increase in
upsS over the control was approximately 1000 times higher than the
level used by Barfknecht et al. (1x10"4 M) to affect a response
4 hours posttreatment, comparable to that reported . in this
stuay. The latter showed that after 18 hours, 1x10™4 m DOMN
induced a A40-fold increase. From a compariscn of the study
authors' results and those of Barfknecht et aY. using DMN, we
assess that the combination of a 24-hour attachment per~iod and a
s-hour exposure period caused a marked reduction in assay
sensitivity. Of egual cancern is the extreme difference in the
positive control’ concentration and the highest assayed dose of
6 30 027; the DMN dose was 50 times higher than the highest
concentration of the test material (150 wg/mL).

Cytoplasmic background grain counts were not counted. These data
are essential Dbecause silver grains are not homogeneous 1y
distributed over the slides; therefore, the only way to correct
for random grain distribution is to count and subtract the grains
of adjacent cytoplasmic areas from the nuclear counts.

The slides were not coded.

conclude, therefore, that the study should be repeated in

accordance with recommended procedures for the primary rat hepatocyie
UDS assay.

r+em 15--5ee foctnote 2.

and Methods, CBI pp. &-7.

]
Barfknecht, 7. R., Naismith, R. W. and Kornburst, 0. J. Vvariations on

the

standard protocol design of the hepatocyte ONA repair assay.

(Manuscript sybmitted to the J. Appl. Toxicol.)
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TABLE 1. Representative Results of the Priéary Rat Hepatocyte
Unscheduled DNA Synthesis Assay with 6 30 027

No. of Average
Cells Silver Grains/

Substance Qose Scored Nucleus
Negative Control

Untreated cells - 150 1.61
So\vehf Control

gthanol - 150 1.61
positive Control

Dimethylnitrosamine 100 WM 150 21.82
Test Material

G 30 027 150 wg/mLb 150 1.42

3positive by authors' criterion (>2-fold increase in the number of silver
grains/nucleus over the control).

bHighest dose assayed; compound precipitation was reported for this dose

in the preliminary cytotoxicity assay. values for lower doses (1.2, 6,
and 30 uq/mlL) were slightly lower than the controls.
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2. REPORTED RESULTS: 006937

A.. Preliminary Cytotoxicity Assay: The seven doses 0Ff the test
material examined in the preliminary cytotoxizity assay ranged
from 3.125 to 150 wg/mL. No cytotoxicity wes -eported for the
selected concentrations; however, the report siated that at the
highest dose assayed, slight compound precipitation was observec.

8. UDS Assay: The UDS assay was conducted with 1.2, 6, 30, and
150 wg/mL of the test material. The choice of this dose range
was based on the results of the preliminary cytotoxicity assay.

The authors did not report compound precipitation at the high
dose. No evidence of a cytotoxic effect was observed at any
dose, and the mean silver grains/nucleus for all doses were
either comparable to or slightly lower than the control values.
Representative results are presented in Table 1.

13. STUDY AUTHORS' CONCLUSIONS/QUALITY ASSURANCE MEASURES:

A. The authors stated, "It fis concluded that, under the given
- experimental conditions, no evidence of induction of ONA damage
by 6 30 027 or by its metabolites was obtained that could be

interpreted as suggestive of mutagenic or carcinogenic properties
of the substance.®

8. A quality assurance statement was signed and dated May 10, 1984.

14. REVIEWERS' DISCUSSION AND INTERPRETATION OF STUOY RESULTS:
We assess that the study is unacceptable for the following reasons:

1. Since the attachment period was prolonged (i.e., 24 hours), it is
1ikely that the metabolic activity of the cells was reduced;
hence, cells with less than adequate sensitivity were exposed to
the test material. The recommended attachment period 35 1.5 to 2
hours.? :

2. The length of exposure of the hepatocytes to the test material (5
hours) may have been too short to finduce a UDS resporse. The
U.s. Environmental Protection Agency Gene-Tox Program*
recommends an 18-hour exposure.

3
Mitchell, et al. (1983). Mutat. Res. 123(1983):363-410.

a
Ibid.
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freshly isolated cells were suspended in Williams' Medium €
(WME),  counted, ~ and  dispensed (105 cells/mL)  onto
gelatinized coverslips in multi-well culture plates. The
cultures were allowed to attach to the coversliips for 1.5-2.0
hours under unspecified conditions. Prior to use in the
assay, attached cells were washed, refed fresh medium, and
incubated overnight.

preliminary Cvtotoxicity Assay:

Cells were exposed to seven concentrations of the test
material and the solvent control for 5 hours. Dosed cells
were rinsed, stained with Trypan blue, and fixed, and the
percentage of unstained cells in 100 scored hepatocytes was
determined. The following criteria were used to evaluate the
cytotoxicity results and to establish doses for the U0S
assay: a sufficiently large number of cells must adhere 1o
the coverslip, at least 25% of the cells must show viability
upon examination by means of the vital-staining techniques,
and a corresponding percentage of the cells must display
normal morphological characteristics.

§. UDS Assay:

a. Treatment: Four preselected concentrations of the test
material were evaluated in the UDS assay. Quadruplicate
cultures per group were exposed to the test material
doses, the negative control (untreated), the solvent
control (ETOH), and 100 mM dimethylnitrosamine (DMN), the
positive control, in the presence of 1 wuCi/mL [3H}-
thymidgine for S hours. Exposed cells were washed and

fixed with ETOH/acetic acid (3:1) and the coverslips were
mounted onto slides.

b. Preparation of Autoradiograghs/ﬁrain Development: The
procedures (")

and solutions used t develop the nuclear
grains were not described; the report stated, however,
that the exposure time was 6 hours. Autoradiographs were
stained with nematoxylin-eosin. The report did not
indicate whether the slides were coded.

¢. Grain Counting: Nuclear grains of 150 cells for each of
the dose and control groups were counted. The background
count was determined in cell-free areas and the reported
stated, "It was found to be negligibly low."

6. Evaluation Criteria: The assay was considered positive if
the mean nuclear grain count was >2-fold higher than the
negative control at any dose.

8. Protocol: A protocol was not presented.
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7. CONCLUSIONS:

A. The primary rat hepatocyle unscheduled DNA synthesis (UDS) assay
conducted with 6 30 027 technical 1s unacceptable for the
following reasons:

1. The combined 24-hour hepatocyte attachment period and 5-hour
test compound exposure time caused 2 marked reduction in
assay sensitivity as indicated by the less than adequate
response of the positive control (see Reviewers' Discussicn).

2. Cytoplasmic background grain counting was not performad.

3. Slides were not coded.

8. The study is unacceptable.

8. RECOMMENDATIONS:
The repeat assay should be performed in accordance with recomrended
procedures.?

items 9 and 10-—See footnote 2.

11. MATERIALS AND METHOOS (PROTOCOLS):
A. Materials and Methods: (See Appendix A for details.)

1. Test Material: 6 30 027 was from batch No. F 210200 and had
a purity of 98.2%. No information on the physical
appearance, stability, or storage conditions was provided.
The test material was dissolved in ethanol (ETOH).

2. 1lndicator Cells: Primary rat hepatocytes were collected from
a male rat (Tif:RAIf, SPF); the method used to harvest the
hepatocytes was not reported. The rat was obtained §from
CIBA-GEIGY Tierfarm, Sisseln.

3

Mitchell, A. 0., Casciano, D. A., Meltz, M. L., Robinson, D. E., San,
R. H. C., wWiiliam, 6. M., and VYon Halle, E. S. Unscheduled DNA
synthesis tests, a report of the U.S. Environmental Protection Agency
Gene-Tox Program. Mutat. Res. 123{(1983):363-410.

Z0nly items appropriate to this DER have been included.
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Reviewad by: Sanford W. Bigelow, Ph.D. /%(, // :/{/n’

Section VI, Toxicology Branch (TS=769C)
Secondary reviewer: Judith W. Hauswirth, Ph.D.9 Lich & Nawsuw il

v -7
Section VI, Toxicology Branch (TS-765C) g,/q 1]
DATA EVALIATION REPORT
I. SUMMARY ¢
STUDY TYPE: Metabolism ~ rat (85-1) CASWELL NOQ: 63
ACCESSION NUMBER: MRID RO.: 404313-04

IEST MATERIAL: Atrazine

SYNONYMS : 2-cnlc:o-4-cthylnino-c-ilcpropylnino-g-trnz;nn
STUDY NUMBER: ABR-87048

SEONSOR: CIBA-GEIGY Corp., Agricultural Division, P.O0. Box 18300

Greensboro, NC 27419 Thomas Parshley, Regulatory
Specialist (919) 292-7100 X7207

TESTING FACILITY: CIBA-GtIGY Corp., Blochemistry Dept., P.O.
Box 18300 Greensboroe, NC 27419
-‘nd-

SRI International, 333 Ravenswvood Ave., Mnelo
Park, CA 94025 (Study No. LSC-1469)

IITLE OF REPORT: Disposition of Atrazine in the Rat (General
Metabolism) .

AUTHOR: G.R. Orr
REPORT ISSUED: October 23, 1987
CONCLUSIONS:

The distribution of atrazina in rats was found to be dose-
dependent and indepsndent of sex. Of the tissues studied, the
red ceslls store the highest 1levels of atrazine, apparently
through the covalent binding of a metabolite. 1In rats given a
single oral dose of 100 mg/kg atrazine, in decrsasing order, the
levels found in the following tissues wvere: red blood calls,
heart, spleen, lung, liver, kidney, brain, gonads, pituitary,
muscle, bone, fat, and plasma. In rats given repeated daily
cral doses of 1 mg/kg atrazine, in decreasing order, the levels
found in the following tissues were: red blood cells, liver,
spleen, kidney, lung, heart, pituitary, brain, gonads, muscle,
bone, fat, and plasma. Under the axposurs regimen used in this
study, atrazine does not accumulate in the tissues of the rat,
except perhaps for the red blood cell. The pattern of atrazine




006937

2

tissue distribution for atrazine in this study is similar to that
found in rats repeated exposed to atrazina (MRID Nos. 404313-05
and 404313-09).

The distribution of atrazine was reported to follow first-
order kinetics. Two major relationships are found: (1) the whole
body half-life, or t;,;, and the volume of distribution, or Va,
are independent of léﬂ ‘dose of atrazine and (2) the plasma
concentration of atrazine or its metabolites are directly
proportional to tha dose of atrazine. Plasma concentrations of
atrazine measured.during and after atrazine expcosure showed that
the whole bdody half-life (£1/2) ©of atrazine or its metabolites is
31.3 hecurs (1.3 days) in raé-. These rsported findings further
indicate that atrazine does not accumulate under this eaxposura
regimen in the =at.

Excretion of atrazine in rats. About 95% of the atrazine
administered orally is excreted within 7 days after cessation of
exposure. The route of atrazine excretion was reported to be
independent of the dose and sex of rat. About 75% of the
atrazine is excreted through the urinary route whersas about 20%
of the atrazine is eliminated in the fecss. The alimination
route for the remaining 5% was not reported. Also, the level of
atrazine elimination by exhalation or through the skin (swsating)
was not reported.

summary. The whole body half-life of 1.30 days for atrazine is
consistent with the observation that about 9$5% of the
administered dose is eliminated within 7 days after exposure.
The red cells store the highest concentration of atrazine in the
rat, apparently through the covalent binding of a metabolite.
“rder the dose regimen employed in this study, atrazine dces not
accunulats in the rat. ’

classification: Acceptable: This classification is baged
on the fact that the msthodology requirements established in the
Pesticide Assessment Guidelines, Subdivision P §85-1 have been
satisfied only for reporting the distribution and excretion of
atrazine in male rats. However, all of the data rsquirements for
metaholism studies set forth in §83-1 have not been reported.
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IT. MATERIMLS:

A. Test Compound: htrazine (2-chloro-4-ethylamino-6-
isopropylamino-g-triazina)

Description: Not provided in this summary report.

Batch #: Not provided in this summary report.

Purity: Not provided in this summary report for the
, nonradiolabeled compound. .

- Radioclabeling procedure:

- . All carbons in the trizzine nmoiety of atrazine were
replaced with carbon-14. The gpecific activity of the.
radiolabeled compound was 95.8 microCuries/mg in low
dose experiments and 1.06 microCuries/mg in the high
dose experiments. The purity of the radiolabelad test
compound was reported to be > 98% ascertained by two
different thin-layer chromatography systams.

B. m.mmn:

Species: Rat

Strain: Sprague-Dawley CD

Age: Hot provided in this report.

Weight (mean): 160-225g

Socurce: Charles River Breeding Laboratories, Portage, MI
(refer to p. 53 of this study).

IIX. STUDY DESIGN:
A. Animal Assignment:

Animals were assigned randomly to the following tast
groups:

Table 1
Animal Assignment in this Study
(Atrazine Elimination and Distr-ibution Experinent)

Daily Oral Duration
Test Dose Given® Rats of
Group _ (mqg/kg) =~ male female _  Exposure
1 Control 6.0 2 2 none
2 low 1.0 5 5 1 day
3 High 100.0 5 s 1 day
4 SubqQ 1.0 5 s 15 days
——

After the last oral dose was given, the urinary and fecal
levels of radicactivity were nmeasured for 7 days.
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Aninmals vere individually placed in metabolise cages for
the collection of feces and urine. The collection of
- metabolits was conducted &t SRI International. The

3amples vere then shipped to the CIBA-GEIGY laboratory in
Grsensbore, NC for analysis.

Dose Method: The rats were alloved a one-week acclimation
period prior to initiation of experimentation. Atrazine

- was given orally (via a stomach tubae) to the rats as an

active ingredient or zs a radiolabeled active ingredient.

- The vehicle was 3% corn starch and 0.5% polysorbate 80

(v/v). The rats vere tllowved free access to animal feed
(Purina) and tap water.

 statistics:

The following precedurss vers utilized in analyzing

- the numerical data:

One~- and two-way analysis of variance (ANOVA) vas used
to asssss the statistical significance of rssults betwsen
dose, treatment groups or sex. When appropriste, Dunnetts
or Newman-Keuls t-tests wvere performed ¢o assess

- differences betvwsen group means.

For generating the kinetic models, the excretion data
was used. This evaluation was performed by I.W.P. Davidson
of Bowman Gray Schcol of Medicine. Additional kinetic
paramaters such as rats constants, half-1ife valuss, and
alpha and beta distribution values were obtained with the
use of the EZSTRIP and PCNONLIN computer programs calculated

by C.HM. Metzler and D.L. Weiner (Statisticsl Censultants,
Edgewood, XY).

Quality Assurance:

A signed quality assurancs statement vas provided by a
quality assurance inspector from SRI Intsrnaticnal, the
subcontracting laboratory where the metabolism of
radiclabeled atrazine was studied. According to the
statement, the Good Laboratory Practice methods were
followed in this study. However. the analytical phase of
the metabolism study was reported not meet the Good
Laboratory Practices Requirsments of 40 CFR Part 160
because: (1) "there was no QA {quality assurance)
inspection of the analytical phase of the study® and (2) *®
there was no QA audit of (this] final report ABR-87048."




Iv.
R

- 8elected tissues ware analyzed for

C0é7i3

METRODS :
L 4

ohservations: The frequency of clinical cbservations made
on these rats was not provided in this study.

H There wera no

Toxicity/mortality (survival) results
treatment-related deaths reported in this study.

: The precadure was conductsd to

Experimental Protocol
- assegs the distribution (and elimination) of atrazine.

, As shown in Table 1, three groups of rats (5 males and

'S females) were trested orally with atrazine. The first

group recsived a singls dose of l4C-strazine at 1 »g/kg: a

second group wers given a single dose of 100 ng/kg léc-

atrazine; and a third group received daily doses of 1

ng/kg of nonradioclabeled ﬁ.nzino for 14 days and on day
C

15, wvas given 1 ng/kg -atrazine. A contrel group
received vehicle only. ‘

Following the last dose of l4c-atrazine in each group,

the feces and urine wvere measured in each animal for 7
days. Following this, the rats wers sacrificed and the
“urine, feces, and red blocd CQJf.l, and the following
Ac content (Figure 1).
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4 FIGURE 1
| | Tongue I | Aortar |X | Braine,g
] | Salivary glands® |X | Hearte¢ | | Peripherzl nerves$
| | Esophagus» | | Bone marrow*$ | | Spinal cord (3 levels)+*s
| | Stomache i | Lymph nodes® iX | Pituitary»
| | Duodenum® 1X | Spleen@ | | Eyes (optic n.)+#
I | Jejunume I | Thymuse®
1X | Red bloecd call Glandular
| | Ileume Urogenital | | Adrenal gland*
| | Cecum# X | Kidnays*+§ | | Exorbital lacrimal gland#
| | Colonw }] | Bladdere 1X | Mammary gland+$
| | Rectume 1X | Testes=*¢ | | Parathyreidss++
iX | Liver =*@ | | Epididymides | | Thyroidss**
| | Gall bladder+§ | | Prostate 5
| | Pancreas+ | | Seminal vesicle|X | Bone (femur)#$
[X | Ovaries**e¢ IX | Muscle*#¢

| | Trachea+$ | | Uterus+§ 1 | Skin#$
iX | Lung+%@ | | Cervix I | All gross lasions
| | Nose~ } | Fallopian tubss and nasgsg*
| | Pharynx~ |X | Residual Carcassé
| | Larynx~ |X | Pace

T {X | Plasma (blood)@
* Required for subchronic and chronic studies.
~ Required for chronic inhalation.
¢ In subchrornic studies, examined and preserved only if indicated

signs of toxicity or target organ involvement.

Organ weight reguired in subchronic and chronic studies.
Organ weight required for non-rodent studies.

€ Required for determining distribution in metabolism studies.

+
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V.  BESULTY: _
Y Retiparites —and_its

Five cale and S femals rats wers used to assess the
disposition and elimination of atrazine after acute or
~subchronic exposurs. Table 2 shows that the total racovary
of atrazine aver 2¢d 102.9% for the group given a single
dose of 1 mg/kg C-atrazine, 103.2% for the group of rata
given a single dose of 100 mg/kg ‘4C-atrazine, and 88.3%
for the group of rats given a daily dcse of 1 ng/ke
atrazine followed by a single dose of 1 mg/kg léC-atrazine
on day 15 (referred hers as the subchroniec group) .

: Concerning the elimination of nt.r&zin. or its
metabolites, approximately 95% of the di4C-label was
excreted within 7 days of the last axposure (Table 2). In
all 3 groups of rats, rouchly 75% of the 14(:-]1315.1 was
excretecd in the urine whersas about 208 of the t4c-label
vas eliminated in the feces. Both discussion of other
routes of elimination and t¢he remaining 5% of the
administered atrazine were not reported.

ngcvcr, differsnces between dosage grouge for tissue-
borne l4c-label were observed. A statistically significant
decrease (p <0.08) in the mean lsvel of tissue-borne 14c-
label was found in those rats given a single dose of 100
ng/kg when compared to the group of rats who received a
single dose of 1 mg/kg atrazine. Also, 2 statisticall
significant decreasa (p <0.03) in the mean level of tissue-
borne 14c-label was found in those rats subchronically
treated with atrazine when compared to @& group of rats
who received a single dose of 1 Bg/kg C-atrazine. No
differences were observed between sexss regarding L4C-label
in the urinci feces, and the tissues measured 7 days after
exposure to 14C-atrazine.

The red blood cells (RBC) had the highest levels of
léc-label of all tissues studied (Table 3). The ratio of
RBC binding of the l4c-label was proportional to the doss
administered, i.s., the concentration fer the high dose
single exposure group (100 Bg/kg) was about 100 times that
of the low dose single exposure group (1 Bg/kg), and the
tissue concentration of the subchrenic group (1 mg/kg for
15 days) was the saune (1.11 and 1.00) to that of the low
dose group. The ratios, 1.11 and 1.00, also provide some
indication that atrazine and its metabolites had not
accumulated in the red blood calls or any other tlssues
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_under this exposure regimen. This assertion is based on
~ths observation cthat tissue concentrations wvare the same in
-the acute and subchronic exposure groups (Table 3).

' .. The high concentratiorn of l4c-label reported in the
red blood cell is discussed in further detail. The author
‘suggeats that l4c-label binding in the red blood cell is
the produc& of a covalent interaction between the triszine
molety of l4c-gtrazine and the cysteinal sulfhydryl groups
in the rat hemoglobin macromclecule.

. .The remaining tissues listed in Table 3 show lover
‘levels of l4c-atrazine apd its metabolites. Also, in these
tissues, the ratic of l4c¢c-label binding was propertional
lower than the administered dose, e.g., J4c-labe)
concenctrations in the subchronic gEouUp were lover than
that for the acute exposure group (Table 5). This finding
provides evidence that atrazine or its natabolites appecr
not o accumulate in any ¢tissues under this BXPOBUT
regimen. However, cumulative binding of atrazine
metabolites in RBCs after chronic SXPpoOsSUTE BAY oOCCuUr.

%Wﬂm The whole body half-life (ty/9) of
**C=labsl was 31.3 + 2.8 hours (1.3 days) was calculated
from the urinary excretion data. The author raported that
the data best fits an open tvo-compartment toxicokinetic
rodal. In addition, neo statistically significant
differsnces were reported betwvaen Treatment groups or sex
regarding the values for: alpha, beta, k10, k332 and k,q or
the whole body tj/ 3 value.
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V. DISCURSION:

The distribution of atrazine in rats was found to be dose-
dependent and independent of sex. Of the tissues studied, the
red calls store the highest levels of atrazine, apparently
through the covalent binding of a metabolite. 1In rats given a
singla oral dose of 100 mg/kg atrazine, in decrsasing order, the
levels found in the following tissues were: red blood cells,
heart, spleen, lung, liver, kidney, brain, gonads, pituitary,
muscle, bone, fat, and plasma. In rats given repeatad daily
oral doses of 1 mg/kg atrazine, in decreasing ozder, the lavels
tfound in the following tissuss were: red blood cslls, liver,
splesn, kidney, lung, heart, pituitary, brain, gonads, nuscle,
bone, fat, and plasma. Under the exposure regimen used in this
study, atrazine does not accumulate in the tissues of the rat,
except perhaps for the red blocod cell. The pattern of atrazine
tissue distribution for atrazine in this study is similar to that
found in rats repeated exposed to atrazine (MRID Nos. 404313-0%
and 4043113-09).

The distribution of atrazine was reported to follow first-
order kinetics. Two major relationships are found: (1) the whole
body half-life, or tj;,3, and the volume of distribution, or V4,
are independent of {h. dose of atrazine and (2) the plasema
concantration of atrazine or its metabolites ars directly
proportional to the dose of atrazine. Plasma concentrations of
atrazine measured during and after atrazine sxposurs showed that
the wvhole body half-life (€1/2) of atrazine or its metabolites is
31.3 hours (1.3 days) in rats. These reported findings further
indicate thet atrazine dces not accumulate under this exXposure
regiman in the rat.

Excretion of atrazine in rats. About 95% of the atrazine
administered orally is excreted within 7 days after cessation of
eXposure. The route of atrazine sxcretion was reported to be
independent of the dose and sex of rat. About 75% of the
atrazine is excreted through the urinary route whersas about 20%
of the atrazine is eliminated in the feces. The elimination
routs for the remaining 5% was not reported. Alsc, the level of
atrazine elimination by exhalation or through the skin (sveating)
was not reperted.

sSumpary. The wvhole body half-life of 1.30 days for atrazine is
consistent with the observation that about 95% of the
administered dose is eliminated within 7 days after exposure.
The red cells store the Lighest concentration of atrazine in the
rat, apparently through the covalent binding of a metabolites.
Under the dose regimen employed in this study, atrazine dces not
accumulate in the rat.

27
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Clasmification: Acceptable: This classification is based
ocn the fact that the msthodology requirements established in the

Pesticide Assessment Guideiines, Subdivision P §83~1 have been
satisfied only for reporting the distribution and excretiom of
atrazinae in male rats. However, all of the data raquirenents for
netabolism studies set forth in §85-1 have not been reported.

PCl/reports/atrametb.004
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2Revieved by: Sanford W. Bigelow Ph.b./%é e p
Section VI, Toxicology Branch (TS-769C) v // 4

Secondary reviewer: Judith W. Hauswirth, Ph.D. :
Section VI, Toxicology Branch (TS-769C) Qedidh W Newsouruis-

J P9I
DATA EVALUATION REPORT
I.  SIMMARX: |
STUDY TYPE: Metabolism - rat (8S-1)  CASWELL NO: 63
ACCESSION NUMBER: : MRID NO.: 404313-08

IEST MATERIAL: Atrazine
SYNONYMS: 2-Chloro-4-sthylaminc-é-isopropylamino-g-triazine

STUDX_NUMBER: ABR-87087

SPONSQR: CIBA-GEIGY Corp., Agricultural Division, P.O. Box 18300
Grsensboro, NC 27419 Thomas Parshley, Regulatory
Specialist (919) 292-7100 X7207

IESTING FACILITY: CIBA-GEIGY Corp., Biochemistry Dept., P.O.
Box 18300 Greensboro, NC 27419

_‘M-

SRI International, 333 Ravenswood Ave., Menlo
P:xr:. CA 94025 (Study Ko. 1LSC-1469)
Agrisearch Incorporated, 26 Water Street,
Frederick, MD 21701 (Project No. 1271)

TLTLE OF REPORT: Study of delta-l4c-atrazine Dose/Response
Relationship in the Rat (General Metabolisam).

AUTHOR: B. Thede
REPORT ISSUED: October 23, 1987
CONCIUSIONS ¢

The distribution of atrazine in rats wvas found to be dose-
dependent. Of the tissues studied, the red blocd cells stors the
highest levels of atrazine, apparently through the covalent
binding of a metabolite. In rats exposed to a dose of 100 »g/kg
atrazine for 10 days, in decreasing order, the levels found in
the following tissues were: red blood cell, liver, kidney,
ovary, pituitary, brain, pectoral region of the mammaries.
Under the exposure zegimen used in this study, atrazine does not
accumulate in the tissues of the rat, except perhaps for the red

Faniel] FRCQEIERIOY

279 |

| B




o
G
Y0
(W
Y |

2

blood csll. The pattarn of atrazine tissue distribution found
in this repott was similar that found in male rats eXposed to a
sinilar dosage regimen (MRID No. 404313-09, Study No. ABR-85104).

The distribution of atrazine was reported to follow first-
order kinetics. Two major relationships are found: (1) the whole
body half-life, or t;,;, and the volume of distribution, or Va.,
are independent of e doss of atrazine and (2) the plasma i
concentration of atrazine and/or its metabolites ars directly !
proportional to the dose of atrazine. Plasma concentrations of
atrazine measured during and after atrazine oxXposure showed that
the vhole body half-life (t,,;) of atrazine or its metabolites is
38.6 hours (1.61 days) in r(ta. Thesa raported findings further
indicate that atrazine does not accumulate under this exposurae
reqimen in the rat. ‘

Sunmary. The whole body half-life for atrazine is 1.61 days.
The red blood cells store the highest concentration of atrazine
in the rat, apparently ¢through the covalent binding of a
metabolite. Under the dose regimen employed in this study,
atrazine does not accumulate in the rat, except perhazps for the
red bleood cesll.

clasgitication: Acceptable: This classification is based
on the fact that the methodology requirements established in the
Pesticide Assessment Guidelines, Subdivision P §85-1 have been
satisfied only for reporting the disposition of atrazine In
female rats. However, all of tha data requirements for
metabolism studies set forth in §85-1 have not been reported.
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II. MATERIALS:

A. Tast Cocmpound: Atrazine (2-chloro-4-ethylamino-6-
isopropylaminc-g-triazine)

Dascription: Not proviced in =his SURBRITY report.

Batch $#: §83-08%53-3 .

Purity: 98.8% (expiration date -~ November, 1939}

Radiolabeling procadure:
All carbons in the triazine noliety of atrazine \ are
rapiaced with carbon-14. The specific activity of the
radiolabeled compound (reference CL~IX~77) was 95.8
microCuries/mg in low dose experiments and 1.06
microCuries/ag in the high dose axperinents. The
purity of the radioclabeled test compound was rsported
<o ba 97.9% ascartained by twe different thin-layer
chromatography systeas.

B. Tast Animals:

Spociou Rat (tmi-)

Strain: Sprague-Dawley ¢D

Age: Not provided in this report.

VWeight (mean): 243.29 = 2.7 SE (240-265g)

Scurce: Charles River Breeding Laboratories,
Wilmington, KA
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III. STUDY DESIGN:
A. Animal Assignment:
Animals wers assigned randomly to the following test
groups:
Tabla in
Animal Assignment this Study
(Atrazsine Distribution Experizent)

3 Daily Oral Duration
Test Dose Given Rats -3 4
Group RG/kg) (female) __  FExpogure (davs)
1 Control 0 2 10
2 Lowl (LDT1) 1.0 2 19
3 Midl (MDT1) 3.0 4 10
4 Mid2 (MDT2) 7.0 2 10
S Towl (MDT3) 10.0 ] - 10
6 Mide (MDT4) 5¢6.0 2 10
7 High (HDT1) 10¢.0 2 10

& After the last oral dose was given, ths urinary and fecal

levels of radicactivity wvere measured for 7 days.
Anisals vere individually placed in Retanolism cages for
ths collection of feces and urine. The collection of
metabclits was conducted at SRI international. The

samples wers then shipped to the CIBA-GEIGY laboratory in
Greensboro, NC for analysis. '

Dose Method: The rats were allowed a ono~wesk acclimation
period prior tec initiation of experinentaztion. Atrazine
was given orally (via a stomach tube) to the rats as an
active ingredient or as a radiolabeled active ingredient.
The vehicle was 3% corn starch and 0.5% polysorbate 80
(v/v). The rats were alloved free aCCess to animal feed
(Purina) and tap wvater.
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V. DISCUSSION

The distribution of atrazine in rats vas found to be dose-
dependent. Of the tissues studied, the red blood cells store the
highest levels of atrazine, apparently through the covalent
binding of a metabolite. In rats exposed to & dose of 100 =g/ kg
atrazine for 10 days, in decreasing order, the levels found in
the following tisaues wers: red blood cell, 1liver, kidnay,
ovary, pituitary, brain, pectorsl region of the mammaries.
Under the <xposure regimen used in this study, atrazine does not
accumulate in the tissues of the rat, except perhape for tha red
blood cell. The pattern of atrazine tissue distribution found
in this report was similar that found in male rats exposaead to a
similar dosage resgimen (MRID No. 404313-09, Study Ne. ABR~85104) .

The distribution of atrazine Was reported to follow firse-
order: kinetics. 7Two major relationships are found: (1) the whole
body half-life, oz t1/2, and the voluma of distribution, or Vg4,
ars independent of (ho dose of atrazine and (2) the plasma
concentration of atrazine and/or its metabolites are directly
proportional to the dose of atrazine. Plasma concantrations of
atrazine measured during and after atrazine sxposure showed that
the wholo body half-life (€1/2) of atrazine or its metabolites is
38.6 hours (1.61 days) in réts. These rsported findings further
indicate that atrazine does not accumulate under this eXposure
regimen in the rat.

in the rat, apparently through the covalent binding of a
setabolite. Under the dose rsgimen eEployed in this study,
atrazine does not accuamulate in the rat, except Perhaps for the
red blood cell.

s : Acceptable: This classification is based
on the fact that the methodology requirements establisned in the
Pesticide Assessment Guidelines, subdivision P §85-1 have been
satisfied only for reporting the disposition of atrazine in
femals rats. However, all of the data Sequirements for
metabolism studies set forth in §85-1 have not been rsported.

PCl/reports/atranetd.00s
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Reviewed by: Sanford W. Bigelow, Ph.D. ~ e
Section VI, Toxicology Branch (TS-769C)

Secondary reviewer: Judith W. Hauswirth, ﬂ&.n. MURPTRT D N AT DU,

Section VI, Toxicology Branch (TS-765C) . Wl

ADDENDUM TO THE DATA EVALUATICN REPORT

I. SUMMARY: ,

SIUDY TYPE: Metabolism - rat (85-1)  CASWELL NO: &3
AGCESSION NUMBER: K7D NO,: 404313-06
TEST : Atrazine

SYNONYMS: 2-Chloro-4-ethylamino-6-isopropylaminoc-g-triazine

SIUDY NUMBER: ABR-87115

SPONSOR: CIBA-GEIGY Corp., Agricultural Division, P.0. Box 18300
Greansboro, NC 27419 Thomas Parshley, Regulatory
Specialist (919) 292-7100 X7207

TESTING FACILITY: CISA-GEIGY Corp., Bicchemistry Dept., P.O.
Box 18300 Greenskoro, NC 2741%

TIILE OF REPORT: Chrracterization and Identification of
Atrazine Metabolites From Rat Urine (General
Msetabolism).

AUTEQR: B.J. Miles
REPORT YSSUED: November 17, 1987

CONCLUSIONS:

After furthar review of MRID No. 404313-06 and the data
evaluation rsport on MRID No. 404313~06, it was found that the
major urinary metabelites in the female rat are chlorinated
triazines, not hydroxylated triazines as stated obstensibly in
MRID Nc. 404313-06. The registrant states that the hydroxylated
metabolites of atrazine are artifacts of the procedurs used to
isolate the retabolites. Therefore, the major urinary ’
metabolites of atrazine in female rats reported in MRID No.
404313-06 are:

<] 2-chloro-4-amino-6-isopropylamino-g-triazine (13),

o 2-chloro=4-ethylamino-é6-amino-g-triazine (14), and

o 2=-chloro=4,6~diamino~g~triazine (15%5).




2

The molecular structures of the above atrazine metaboli*ss are
shown in Figure 1 (the numbers in Figure 1 correspond to thosge
associated with the above metabolites). Of the metabolites
listed above; 2-chloro-4,s-diamino-g-triazine (1S) is raported o
be the major urinary metabolite. The identification of the
metabolites above indicates that N-dealkylation is the sajor
metabolic pathway for atrazine in female rats.

: Acceptable: This classification is basad
on the fact that the methodology requirements astablished in the
Festicide Assesszent Guidelines, Subdivision F §85~1 have been
satisfied only for reporting the identity of urinary metabolites
of atrazine in female rats. However, all of the data
requirements for m.tabolism studies set forth in §85-1 have nct
Seen raported, i.e., the urinary and fecal metabolites ef
atrazine in male rats and the fecal metabclites of atrazine in
females must be icentified. ‘

PCl/reports/atrametl.006
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Reviewad by: Sanford W. Bigelow, Ph.D. /y(,)// v 7L

Section VI, Toxicology Branch (T3-7639C) A
Secondary reviewer: Judith W. Hauswirth, Ph.D. M L. /Ua.uwua‘-
Section VI, Toxicolegy Branch (TS-7657%) £/98

DATA EVALUATION REPORT

I. SUMMARY :
SIUDY TYPE: Metabolisa - rat (8s-1) CASWPLL NO: 63 |
ACCESSION NUMBER: N MRID NO,: 404313-06

IEST MATERIAL: Atrazine
SYNONYMS: 2-Chlora-4-cthylanino-s-inopropylnino-g-triazint

STUDY NUMBER: ABR-87115

SPONSOR: CIBA~GEIGY Corp., Agricultural Division, P.0. Box 18300
Greensbore, NC 27419 Thomas Parshley, Reqgqulatory
Specialist (919) 292-7100 X7207

IESTING FAGILITY: CIBA-GEIGY Corp., Biochemistry Dept., P.O.
Box 18300 Greenskoro, NC 27419

TITLE OF REPORT: Characterization and 1Identification of
Atrazine Metabolites From Rat Urine {General
Metabolism).

AUTHOR: B.J. Miles
REPORT ISSUED: November 17, 1987
SCONCLUSIONS :

The characterization and identification of a nusber of
atrazine metabolites in the female rat was reported in this
study. To this end, two experiments were conducted with the use
of twe groups of rats.

The data reported in this study indicates that
dechlorination of the triazine ring and N-dealkylation are the
major metabolic pathways for atrazine in rats. Oxidation of the
alkyl substituerts of atrazine appears to be a m=minor and
secondary metabolic route.
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The elimination of atrazine in female rats was also Teported
in this study. The urinary route accounted for 47.4% of the
elinination of atrazine and/or its netabolites whereas 49.3% was
eliminated via the fecal rcute. The tissuas contained 5.75% of
the atrazine and/or its metabolites whila the bloed contained the
remaining 1.4%. This pattarn of excretion differs from male or
fexala rats given repeated oral dosss of atrazine, i.s., single
oral exposure results in about 50:50 urinary:fecal excreticn
whezreas repeated oral exposurs results in about about 75:25
urinary:fecal excretion (see MRID Nos. 4043135-0%5 and 40431309
for more details). The amcunt of atrazine and/cr its metabolitas
elininated via exhalation was not reaported. A recovery of
103.78% of the administered radiolabeled atrazine was achieved.
The majority of atrazine and/or its netabolites was reported to
be axcreted via the urine and feces.

Classification: acceptable: This classification is based
on the fact that the methcdology requirements establisked in the
Pesticide Assassment Guidelines, Subdivision » §85-1 hava bkeen
satisfied only for reporting the identity of urinary metabolites
of atrazine in femala rats. However, all of the data
requirements for metabolism studies set forth in §85-1 have not
been zreported, i.e., the urinary and fecal natabolites of
atrazine in male rats and the fecal metabolites of atrazine in
fenales nust be identified.

230
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IXI. NBATERIALS:

A. ZIagt Coppound: Atrazine (2-chloro-4-~ethylaminc-s-
: isopropylaninc-g-triazine)

Description: Not provided in thie report.

Batch #: Not provided in this report. _

Purity: Not provided in this raport for the

nonradiolabeled compound.

Radiclabeling procedure: o
All carbons in the triazine moiety of atrazine were
replaced with carbon-14. The specific activity of the
radioclabeled compound was 1.0 aicroCuris/ng. The

purity of the radiolakbeled test compound was reported
to ba 2 $7%.

B. Test Animals:
Species: Rat (female)
Strain: Sprague-Dawley
Age: Not provided in this report.

Weight (mean): about 0.2 kg
Source: Harlan Sprague-Dawley, Indianapolis, IN

ITI. STUDY DESIGN:

Animals were assigned randomly to the following tast

groups:
N Table }
Animal Assignment :n this Study
(Atrazine Metabolisa Experiment)
Daily oOral Duration

Test Dose Given Rats of
Group —(Ra/kg) (female) EXposure /dav)
1 High 100.0 s 1
2 Miad 16.2 - 19.6 8 1

a7 after the last oral dose was given, the urinary and fecal
levels of radicactivity were measured for 24 hours.
Animals were individually placed in metabolism cagas for
the collection of urine.
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Dosa Method: The rats were allowed a S-day acclimation
period” prior to initiation of exparinentation. Atrazinas
wvas given orally (via a stomach tube) to the rats as an

. active ingredient or as a radiolabeled zctive ingredient.
" The vehicle was 1% methyl carboxymethyl cellulose and Hi-
. S511-233 brand of powdered silica used to suspend the

atrazine in solution. The rrts were allowed free access to
animal feed (Purina) and deionized wvater.

- Statlgticas:

No statistical procadures were used in this study.

" Quality Assurance:

A signed quality assurance statsment wvas provided by
a quality assurance inspector from the registrant, the
laboratory where the metabolism of radiolabeled atrazine
was studied. According +o the statement, the Gocd
Laboratory Practice methods were followed in this study.
However, this netabolisa study was reported not meet the

Good Laboratory Practices Requirements of 40 CFR Part 160
because:

(1) "A complete set of biological phasa SOPs have not
been established.

(2) There was no QA inspaction of the stidy becaure

the QAU was not a fully tunctional unit at the
time the study was conducted.

(3) Thers was no QA audit of the final report ABR-
87115.%

292

o



006937
V06718

METBEODG

¢ The frequency of clinical cbservatiocns nade
on these ratas was not provided in this UBRAry repcert.

H There were no

. treatment-related deaths raportaed in this study.

] : This experiment was conducted to
identify the atrazine metabolitas in two groups of ratcs.

Az shown in Table 1, one group of female rats was
given a single dose of atrazine in an effort to produce

- sufficient levels of urinary metabolitas of atrazine for

identification. Pive adult femels Spraguc-?avley rats
(about 0.2 kg) wera administered 100 ng/kg l4c-atrazine.

‘Samples of urine and feces were obtained at 24, 48, and 72

hours. After taking samples for 72 hours, the rats were
sacrificed and 5 ml of blood and the liver vere obtained.

In another group of animals, 8 rats were given a
single oral exposure of 16.18 - 19.64 ng/kg l4c-atrazine.
Urinary metabolites were collected over & 24-hour pericd
following treatment. The metabolites of atrazine were
isolated and identified by the following series of

analytical chemistry stepa:

(1) charcoal cleanup,
(2) Ci1s Bond-Elut separaticn,
(3) Aminex A-4 cation exchange column chromatography,

(4) Aminex A-25 anion exchange column chromatography
or PRP-1 (reverse-phase) HPLC, and finally

(S) confirmation by comparing to the inZrared spectra
and mass spectra of authentic synthesized
standards. '
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RESULTS:
: -

To ex2eine the nmetabolism of atrazine in_rats, 100

" mg/kg of léc-atrazine vas given to rats and the l4c-labeled

metabolites were isolated and ident.fied. a rscovery of
103.78% of the tctal radicactivity was achieved. The
urinary route ac .:auffnd for 47.3% of the elimination
whersas 49.3% of tine +4C-label was clininatsg via the fecal
route. The tissues contained 5.75% of the i%C-label while

- the blood contg}ncd the remaining 1.4% of the 14c-label.

‘The amount of
reported.

C-label eliminated via exhalation was not

The =molacular structures of the urinary metabolites

- obtainad frem the firet group rats were unattainable, so a

second group of 8 rats were given 16.18-19.64 ag/kg léc-
atrazine. The netabolites wers collected within the 0 to
24 hour time period after exposure. The urine was freeze
dried. Metabolites weres then dissolved in a small amount
of wvater that was acidified with HC1 to pH 3.0 and
separated with an amino acid analyzer (to detect the amineo
acid residues of glutathicne) coupled with a cation
exchange column.

A total of 19 radiocactive pssks were detected, three

bot which were identified as natabolites by comparison of

the infrared and mass gpectra. The identity of two other
metabolites was postulated based on additional nmass
spectral information. The molecular structu_es of some of
ths atrazine mevabolites are shown in Prigqure 1 and the
numbars in this figure correspond to the metabolites
discussed in the text. Only four of these metabolites wvere
idontit_icd an:et’nrn reported, they were:

o 2-hydroxy-atrazine (7),
4’2

-] 2=k -4-aninc-s—1sopropy1uino-g-triaz ine (9),

-] 2=~ =4~-ethylamino-é-aminoc-g-triazine (14),
an

) 2-hydroXy-4,6-diamino-g-triazine (3).

The identification of the four metabolites above indicates
that dechlorination of the “riazine ring and N-dealkylation
are the major metabolic pathways for atrazine in rats.
Because severzl other minor metabolitss that possess omega-
carboxyl moieties were identified (5, 10, 11, 12),
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oxidation of the terminal methyl aoleties in the alkyl
substifuents appears to bs a minor and secondary netabolic
route. :

. : . ’ . ne.

The author of ¢this study offers the results of a
published study on atrazine metabolism performed by

- Dautarman and Muecke (1974.

4:212-219) in an effort to account for the

- covalent binding of atrazine in RECs.

' The mnethod published by Dauterman and Huecke is
reportad as the following steps. Radiolabeled atrazine was

" incubatad with iat liver microsomes with or without the

addition of the matabolic cofactors, glutathione and NADPH.
Six metabolites were identified by chromatography against
synthetic standards. The results corroborats the findings
in the in vivo experiment that N-deslkylation is the najor

‘metabolic pathway. Also, the isopropyl unolety is

hydrolyzed more easily than the ethyl gubstituent.
Conjugation with glutathione was found to occur with most
of the atrazine metabolites previocusly discussed when

. cytosolic cell fractions were included in the in yvitro

reactions.

covalent binding in RBCS. The author argues that the
glutathione-containing metabolites of atrazine may be
catalyzed by a “carbon-sulfur lyase,” an anzyme that
cleaves the glutathione residue and leaves a thiel group on
the atrazine metadolite. However, the author has not
presanted evidence whether lyase is pregent in red bioed
cells.

297




006937

1o 006718
V. m:

The characterization and identification of a number of
atrazine mstabelites in the female rat vas csported in this

study.. - To this end, two experizents were conducted with the use
of two groups of rats. .

~The data reported in this study indicates that
dechlorination of the *riazine ring and N-dealkylation ars the
major metabolic pathways for atrazine in rats. oOxidation of the
alkyl substituents of atrazine sppears to ba & wminer ang
secondary metabolic routs.

The elimination of atrazine in female rats was also rsported
in this study. The urinary route accounted for 47.4% of the
elimination of atrazine and/or its metabolites wheress 49.3% vas
aliminated via the facal route. The tissues contained S.75% of
the atrazine and/or its metabolites while the blood contained the
remaining 1.4%. This pattern of excretion differs from male or
female rats given repeated oral doses of atrazine, i.e., single
oral exposure results in about 50:%0 urinary:fecal excretion
wherezs repeated oral exposure results in about about 73:2s
urinary:fecal excretion (see MRID Nos. 404313-05 asnd 404313-09
for more details). The amount of atrazine and/or its metabolites
eliminated via exhalation was not reported. A recovery
103.78% of the administered radiclabeled atrazine vas achieved.

The majority of atrazine and/or its metadolites was reported to
be excreted via the urine and feces. ‘

] : Acceptable: This classification is based
on the fact that the Rethodology requirements established in the
Pesticide Assessment Guidelines, subdivision r §85-1 have been
satisfied only for reporting the identity of urinary metabolitas
of atrazine in female rats. Howvever, all of ths data
requirements for metabolism studies set forth in §85-1 have not
been reportad, i.e., the urinary and fecal metabolites of

atrazine in male rats and the fascal metaboliteas of atrazine in
females must be identified.

PCl/reports/atrametb.006§
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Reviewed by: Sanford W. Bigelow, Ph.D. /& & / Jj/"{./}?

Section VI, Texicology Branch {TS=-769C)
Secondary reviewer: Judith W. Hauswirth, Ph.D. ) poib b)) decowiet~

Section VI, Toxicology Branch (TS~769C)
o 7l9/e8
DATA EVALUATICN REBORT
I.  sooeRy:
STUDY TYPE: Metabolism - rat (85-1) CASWELL KQ: 63
ACCESSION NUMBER: ERID NO.: 404313-09

TEST MATERIAL: Atrazine
Smma 2-Chlorc-&-asthylmna-6~iacprapylmino-g-triazino

STUDY NUMBER: ABR-85104

SPONSOR: CIBA-GEIGY Corp., Agricultural Division, Pp.O. Box 10300
Greensboro, NC 27429 Thomes Parshley, Regulatory
Specialist (919) 2927100 X7207 :

IESTING FACILITY: CIBA~GEIGY Corp., Biochemistry Dept., P.O.
Box 18300 Greensboro, NC 2741% ~

TITLE OF REPORT: Metabolisa of léc-atrazine in Orally Dosed
Rats (General Metakolism) . ‘

AUTHOR: B.J. Simoneaux

REPORT ISSUED: December 6, 198S
CONCIUSIONS:

This zeport is a balanca study of the disposition of
atrazine in male rats repeatedly orally exposed to this agent.
Atrazine appears to be rapidly excreted in the rat under these
exposure conditions. About 95% of the administered dose is
elininated within 18 days after the last atrazine axposure. The
urinary route accounted for about 70% of the elimination whereas
about 25% was eliminated via the fecal route. The RBCs store the
highest levels followed by the liver, kidney and brain. Under
these exposure conditions, atrazine does not accumulate in the
rat. The total recovery of adminiztered radiclabeled atrazine
for the high and low dose groups was 93.4% and 103.9%,
respectively.
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Atrazine appears to be rapidly excreted in the rat under
these exposufe conditions. About 95% of the adninistersed dose is
eliminated within 18 days after the last atrazine exposure. For
the low and high dose groups of rats, respactively, the urinary
route accounted for 72.7% and 67.2% of the elimination whila
27.8% and 23.9% of tha atrazine and/or its netabolites were
eliminated via the fecal route. Elimination of atrazine and/ozr
its metabolites by way of exhalation wvas not monitored or
reported.

The tissues contained the remaining amount of the atrazine
and/or its metabolites. The peak tissue -avels in the low dose
group occurred at 10 days whereas :he Peak luvels in the high
dose group was reported at 8 days. The highest tissue levels in
the low dose group (0.1 »g/rat) ware fou: ¢ at 10 days in the RBC
followed by livar, kidney and brain. In dscresasing order, the
highest tissue levels of atrazine in the high dese group of rats
(1.0 mg/rat) at 8 days weres: R3C, liver, xidray and brain. In
general, 10 days after the last dose of atrazine (at the 1g-day
sacrifice), the RBCs, liver, kidney and brain had minima) levels
(about 1%) of atrazine and/sr its satabolites « Under
these exposure conditions, atrazins Goes not accumtlata in these
tissues in rats rspeatediy exposed tc atrazine. The pattern of
atrazine tissue distribution found in this report was similar
that found in female rats exposed to a sinilar dosage regimen
(MRID No. 404313-0S, Study No. ABR~-87087) .,

Classification: Acceptable: This claseification is based
on the fact that the methodology rajquirements established in ths
Pesticide Assessment Guidelines, Subdivision F §85-1 have been
satisfied only for reporting the distribution and axceretion of
atrazine in male rats. However, all of the data requirements fcr

metabolism studies sst forth in §85-1 have not been reported.
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Description: Atrazine

Batch #: Not regorted in this study

Purity: Not provided in this summary report for the

nonradiolabeled compound.

Radiclabeling procedure:
All carbens in the triazine moiety of atrazine were
replaced with carbon~14. The specific activity of the
radiolabeled compound weras 13.5 microCuries/mg and 12.9
microCuries/mg for the 1low and high dose groups,
respectively. The purity o¢f the radiolabeled test
compound was reported to be > 97.5% ascartained by a
thin-layer chromatography syste=m.

Test Animals:

Species: Rat (male)

Strain: Harlan Sprague-Dawley
Age: Not provided in this report.
Weight (mean): 250g

Source: Harlan Madison, WI
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Animals were assigned randomrly to the following test

Table 1
Animal Assigmment in this Study
(Atrazine Mstadolism Experiment)

Daily Oral Day Curation
Test Dose Givan® Rats ot of
Group —(mg/kg) f
2 Low 0.4 3 S 4
Low 0.4 3 7 7
Low 0.4 3 9 7
Low 0.4 3 10 7
Low 0.4 3 14 7
—lQW 0.4 3 18 2
3 High 4.0 3 ] 4
High 4.0 3 7 7
High 4.0 3 9 7
High 4.0 3 10 7
High 4.0 3 14 7
High 4.0 3 18 7
3 After the last oral dose was given, the ur and fecal
levels of radicactivity were measursd at 24-hour

intervals in the group of rats

exposed
Animals werse individually placed in zetabol

the collection of feces ana urine.
group.

for 18 days.

ism cages for

WS no control

H Atrazine was given orally (via a stomach

Dose Method
tubs) to the rats as a radiolabeled active

ant.

The

250 g rats vere given 0.1 mg/rat (low dose) or 1.0 Bg/rat
(high dose). The vehicle was in the aqueocus Carbowax-200
(PEG 200) formulation (0.3 ml ethanol:0.2 ml water:0.5 =l
PEG 200). The rats were allowsd free access tc animal feed

and tap water.

302



c.

006937
00é&718

w:
The following procedurs was utilized in analyzing the
numerical data:

The  SOP methed of Welf and Sumner, A\G-276,
"Statistical methcds in the measurement of radioic\;ivity'

wera used to calculate ppa~equivalents of the 14c-label
cbtained from the rats. _ :

Quality Assurance:

A signed quality assurance statement was provided by
a quality assurance inspector frem the registrant, the
laboratory where the mnetabolism of radiolabeled atrazine
was studied. According to the statement, the Geod
Laboratory Practice methods were followed in this study.

(A
S
o>
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Qhosrvationg: The frequency of clinical cbsezvations made
on these rats was not provided in this study.

Toxicitv/mortality (survival) - regultg: There wars ne
trsatnent-ralated deaths raported in this study.

1: The broccduzc wag conducted to
assess the metabolism of atrazine.

Three male rats in each group were repeatedly dosed
and th.-: sacrificed S5, 7, 9, 10, 14, and 18 days aftar
dosing .as initiated (for details, see Tabls 1)« Urine and
feces wers collaectad for analyocis from the rats axposed for
the 18-day period. The rats were -acriz;lcﬁ and the
roilcvinq selected tissues were analyzed for C content
(Figure 1).
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PIGURE 1
Tongue | | Aortas |1X | Braine,3
Salivary glands*t | | Heart+§ i | Peripheral nervert -
Esophaguse | | Bone marrow*# | | Spinal cord {3 lavels)*s
Stomach# | | Lyeph nodes?* | | Pituitarye
Duodenun* | | Spleeng | | Eyes (optic n.)e*#
Jejunum» | | Thymus*
|X | Rad bloed cell Glandulsr
Ileun» | | Adrenal glands»
Cecum# |X | Kidneys*+9 | . | Exorbital lacrimal gland¢
Colonw " | Bladderw | | Mammary glande¢
Ractum#* | | Testame*g | | Parathyrcidsatt
Liver »*@ | | Epididymides | | Thyroidss**
Gall bladder+*$ | | Prostate
Pancreas* | | Seaminal vesicle| | Bone {femur) »4
| | ovariesws*g IX | Musclevse
Tracheat$ | | Uterus=¢ | | Skineg
Lunge*¢ | | Cervix | | All gross lesions
Nose~ | | Pallcpian tubes and nasgses®
Pharynx~ IX | Residual Carcassé
Larynx» 1X | Pate

I1X | Plasma (blood)e

Required for subchronic and chronic studies.

Required for chronic inhalation.

In subchronic studies, examined and Preserved only 1if indicated
signs of toxicity or target organ involvement.

Organ weight required in subchronic and chronic studies.

Organ weight requirsd for non-rodent studies.

Required for determining distribution in metabolism studies.

(FIFRA Subdivision P test guidelines §85-1 (@) (3) (1) require

th

at, in addition to the tissues listed in Pigure 1 above, the

levels of atrazine or its metabolites shall be measured in the

te

stes, heart, lung, spleen and uterus.)
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B. mxmun_qx_um

To examine the metaboliga of atnzirﬁ in rats, twe

deses waera employed, O.t and 4.0 wg/kg of C-atrazine was
given to rats and the ¢c-label was neasured in selactad
tissues and in & rats exposed for 18-days, urinary and
fecal levels of l4c-label vere monitored, A recovery of
103.9% and 93.4% was found for the low and high doze
groups, respectively. For the low and high dose groups,
respectively, the urinary route accounted for 72.74% and
§7.2% of the elimination whereas 27.79% and 23.92% of the
l4c-1abel was eliminatea via the fecal route. The author
reports that about 9%5% of the administered dose is
elininatad within 48 hours after the last eXposure.

The tissues contained the remainder of the l4c-1ane1
(Tables 2 and 3). The highest tissue levels in the low
dese group (0.1 ag/rat) were found at 10 days in the RBC
(1.95 ppm) followed by liver (1.10 ppm), kidney (0.74 Pp®m)
and brain (0.38 ppm) nﬁ are listed in Table 2. The
highest tissue levels of C-label, in decreasing order, in
the high dose grecup of rats at 8 days were found as such:
RBC (21.66 ppm), liver (6.40 ppm), kidney (5.28 ppm) and
brain (2.48 ppm). In genexazl, 10 days after the last dose
of l4c-atrazine (at the 18-day sacrifice), the nm!‘ liver,
kidney and brain had minimal levels (about 1%) of C-label
remaining. The remaining tissues had lower levels of léc-
label at 8 or 10 days and lower levels remaining at 1s
days. The peak tissue levels in the low dose group
occurred at 10 day whereas the Peak levels in the high dose
group was reported at 8 days.

As- percentage of administered dose (Table 3), the
nuscle had the highest 1levels followed by the liver and
RBC. Percentage of tissue levels wvers highest in those
rats sacrificed 4 days after initial atrazine exXposure
(Table 3).

306




A 3( I A T RIT I IT  JUSTUSS (WUTTeeIuT-shIe
95°0 09°0 L6°0 98°1 96°1 (1231 oSurIsejur ebaw
zz°0 zc o SL°0 gLz L8°t "Wt suyasejur Trvw
‘ST°0 zc'0 zs°0 96°T 10°2 99°1 Yoewoy,
08°1 L8°e TS 0y°9 8r°g 9zZ°y ELTN
92°1 £6°1 ™e 82°S 6r'y 60°¢ Asupt)
§L°0 €8°0 16°0 96°T Le't LL°0 eyosn|
T T 6€°1 9L T 8y°'z otz €21 uyeay
61°0 ST°0 €2°0 £°0 82°'0 12°0 9,
8L €T 0S°st LTeLt 99°te yE 9T 0’6 naaww~
L0°0 Pre0 LE*0 2o°1 z8°0 $6°0 ¢
I7BE 5
B 4 &) L4 &F DN ] A i M B 870 —08'0 §I§d§~
60°0 L0°0 9t°0 0Z°0 sZ°0 LT°9 sur3Isezuy ehHiv
60°0 90°0 ST°0 9z°0 ’Z°0 120 PUTINSIUL TTOMS
010 0T1°0 81°0 120 99°0 0Z°0 yorwosg
0v°0 95°0 0tT°1 90°T 16°0 29°0 IABAT
€z°0 zc'o 1L°0 ¥L0 £9°0 L9°0 Koupyy
1T°0 1’0 ST 0 ST°0 €10 €T'0 e oSNy
¥2°0 Lz°0 8€°0 6£°0 00 62°0 uyeag
£0°0 $0°0 $0°0 ¥0°0 %0°0 %0°0 vy
M“.“ Mn.u g6°1 €9°t 8T'T Tt oay
. 0°0 %0°0 90°0 $0°0 90°0 vuseig
i B2 o —g— —y— ——2 |

9011 I00S 1933V Guy

(AT o1qeg woxy uoxwy)

uyewey (wdd) yeqer-o

T o1qey,

»T 3O SToAwR] nssTL




Le'e)
<O
(3]
~
m 2
o
v 5
O o
QL & Yo T s 3" "y JUUSY TRUTIeeUY BV
10°0 - 10°0 200 zo'o zo°o Y0°0 suyyIsejur ebaw
10°0 20°0 $0°0 60°0 0t°0 61°0 suT3IsejUr Trew
10°0 20°0 €0°0 01°0 90°0 80°0 yowwoy!
§2°0 gy°o gLco gL0 L9°0 Le't JeAY
€0°0 $0°0 60°0 1T°0 £T'0 8T°0 Keupy)
00°1t 4 B § (3 44 ¢ A 4 UL At 4 4 A 4 e1o8Nn)
20°0 €0°0 %0°0 %0°0 90°0 $0°0 uyex;
90°0 ¥0°0 80°0 €1°0 Zt°o 9T°0 vy
?6°0 80°t 8c°t 99°1 16°1 81 oqy
10°0 zo°0 $0°0 21°0 €T°0 ST°0 idd O]
: JEX75M 0§
200 2070 00 tU'o ijég
10°0 T0°0 t0°0 €00 90°0 »0°0 euyIveur ediwy
20°0 €0°0 L0'o zTo 8T°'0 ST°0 PUTISOIUT TTvag
20°0 €0°0 S0°0 01°0 S€°0 10 yowwolg
€¥°0 S8°0 82°1 oLt 61 $6°2 a0ATT
" 90°0 ot°o L1°0 €20 92°0 *c°0 >o=u«m
$S°T 18°1 S0°Z 1s°¢ co°g 99°¢ erosnK
. $0°0 90°0 80°0 60°0 80°0 2T1°0 upeag
60°0 91°0 LE0  60%0 0z°0 92°0 B
et 80°T 8c°1 6€°1 82°t 09°Y oay
10°0 z0°0 $0°0 01°0 80°0 ST°0 vEsvig

L LA ot L 9 N 2
g §§§ FLEL i)

0t




006937

| 11
VI. DISCUSSIQN

This report is a balance study of the diapoxition of
atrazine in male rats Tepeatedly orally exposed to zhix agent.
Atrazine appears to be rapidly excreted in the rat under these
exposure conditions. About 95% of the adninistered doss is
@liminated within 1s days after the last atrazzine exposure. The
urinary route saccounted for about 70% of the elimination vherseas
about 25% was eliminated via the fecal routa. The RECs store the
highest lavels followed by the liver, kidrey and brain. Under
these axposure conditions, atrazine does not accumulate in the
rat. . The total recovery of administered radiolabeled atrazine
for the high and 1low dose groups was 93.4% and 103.9%,

Atrazine appears to be rapidly excreted in the rat under
these exposura conditions. About 95% of the administersd dose ig
eliminated within 1g days after the last atrazine exposure. Por
the low and high dose groups of ratas, respectively, the urinary
route accounted for 72.7% and 67.2% of the elimination while
27.8% and 23.9% of the atrazine and/or its netabolites were
eliminated via thae fecal route. Elimination of atrazine and/or
its metabolites by wvay of exhalation was not monitored or
reported.

The tissues contained the remaining amount of the atrzzine
and/or its metabolites. The peak tissue levels in the low dose
group occurred at 10 days whereas the Peak levels in the high
dose group was reported at 8 days. The highest tissue levels in
the low dose Jroup (0.1 mg/rat) wers found at 10 days in the RBC
followed by liver, kidney and brain. In decreasing order, the
highest tissue levels of atrazine in the high dose group of rats
(1.0 mg/rat) at s days were: RBC, liver, kidnay and brain. 1n
general, 10 days after the last dose of atrazine (at the ls-day
sacrifice), the RBCs, liver, kidney and brain haa ainimal lewvels
(about 1%) of atrazine and/or its metabolitas remaining. Under
these exposure conditions, atrazine dceg not accumulate in these
tissues in ratsg Tepeatedly exposed to atrazine. The pattern of
atrazine tissue distribution found in this report wvas similar
that found in female rats exposed to 2 similar dosage regimen
(MRID Neo. 404313-0s, Study No. ABR-87087) .

Classification: Acceptable: This classification ig based
on the fact that the methodology Tequirements established in the
Pesticide Assessment Guidelines, Subdivigion P ggs-1 have been
satisfied only for Teporting the distribution and excretion of
atrazine in male rats. Hovaver, all of the data requirements for
matabolisam studiss sat forth in 285-1 have not beean reported.

PCl/reports/atrametb.gos 309
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ADDENDUM TO THE DATA EVALUATION REPORT

I. - SUMMARY:

STUDY TYPE: Metabolism ~ rat (85-1) CASWELL NO: 63
ACCESSION NUMBER: HBIQ.HQ&é 404375-01

IEST MATERIAL: Atrazine
§ngﬁxn§: 2-Chloro-4-ethylamino-é~isopropylamino-g-triazine

STUDY NUMBER: ABR-87116

SPONSOR: CIBA-GEIGY Corp., Agricultural Division, P.0. Box 18300
Greensboro, NC 27419 Thomas Parshley, Regulatory
Specialist (919) 292-7100 X7207

TESTING FACILITY: CIBA-GEIGY Corp., Biochenmistry Dept., P.O.
Box 18300 Greensbore, NC 27419

TITLE OF REPORT: A Summary of the Dispos:tion, Kinetics and
Metabolism of Atrazine in the Rat {(Generzl

Metabclism).
AUTHOR: G.R. Orr
REPORT ISSUED: November 17, 1987
CONCLUSIONS :

After further review of MRID No. 404375-01 and the data
evaluation report on MRID No. 404375-01, it was found that the
major urinary metabolites in the female rat are chlorinated
triazines, not hydroxylated triazines as stated superficially in
MRID No. 404375-01. The registrant states that the hydroxylated
metabolites of atrazine are artifacts of the procedure used to
isolate the metabolites. The major urinary metabolite of
atrazine in female rats reported in MRID No. 404375-01 is
2-chloro=-4,6-diamino~g-triazine (15). The molecular structure of
this atrazine metabolite is shown in Figure 1 (the number in
Figure 1 correspond to number '15' with the above metabolitec) .
The identification of the metabolites above indicates that N-
dealkylation is the majcr metabolic pathway for atrazine in
female rats.
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: Acceptable: This classification is based
on the fact that the methocdology requirements established in the
Pesticide Assessment Guidelines, Subdivision F §85-1 have been
satisfied orly for reporting (1) the identity of urinary
metabolices of atrazine in female rats ss well as (2) the
distribution an¢ excretion of atrazine in male and femzle rzts.
However, all of the data requirements for metabolisnm studies set
forth in Subdivision F §85-1 have not been rapcrted, i.e., (a)
the urinary and fescal metabolites of atrazine in male rats and
(b) the fecal metabolites of atrazine in females must be
identified to satisfy complestely tha §85~-1 data repoerting
requirements for the metabolism of atrazine in the rat.

PCl/reports/atrametl.003
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SUBJECT:V Atrazine Registration Standard: Mutagenicity Testing
. Requirement
‘ 27 et
FROM: . . Kerry L. Dearfield, Ph.D. /szl_f PR N AN
. Geneticist ‘ !/;.‘ /{ 5¢;4“1ff
Science Support Section e
Sciencea Analysis and Coordination Branch
Healtn EZfects Division (TS-76%C)
TO: Marion Copley, D.V.M.
Acting Sectioa Chief
. Section 2

Toxicology Branch I - IRS
Health Effects Division (TS-769¢C)

THRU: John Quest, ?h.D. /ﬁ@;d‘ /R- 748
Chief
o Science Support Section
' Science Analysis and Coordination Branch

Health Effects Division (T$-769C)

g /2-/,57;(

Atrazine CAS No. 1812-24-9 Tox. Chem. No. 63
I. Background

As of my previous memc to you dated Aug 19, 1988, Ciba-Geigy
had not fulfilled the minimum requirements for mutagenicity
testing as required by the OPP. Ths only acceptable tests that
had been submitted fulfilled only one of the three mutagenicity -
testing categories, i.e. gensa mutations (e.g. acceptable
Salmonellia assay). The two other categories had not been
fulfilled, i.e. structural chromosome aberrations and other
geriotoxic effects. In a subsequent submission from Ciba-Geigy,
an acceptable mouse micronucleus test (MRID # 407223-01) was
reported and minimally fulfilled the structural chromosone
aberration category. A recent Ciba-Geigy letter (dated June 29,
1988) mentioned that a UDS assay in rat hepatocytes they
performed was earlier considered acceptable; however, upon
rereview, it was downgraded to unacceptable for reasons outlined
in a memo dated April 26. 1988 from this reviewer to Robert
Taylor. Therefore, one mutagenicity category (other genotoxic
effects) remains unfulfilled for registration purposes.
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The submitted negative mouse micronucleus assay would ncw
minimally fulfill the structural chromosome aberration category.
However, it may still not alleviate our concern about atrazine's
potential genotoxicity in wvivo. A published report (Adler,
Mutat. Res. 74: 77-93, 1980) suggested that atrazine induced a
positive increase in aberrations at a dose of 2000 mg/kg by oral
gavage in clive oil. The subritted micronucleus test, although
found negative, tested to a similar level of 2250 mg/ka by oral
gavage in CMC. In another Ciba-Geigy submission in «hich Dr.
David Brusick performs an assessment on atrazine ({dated
Cecember, 1987), Brusick makes several points relevant here: the
micronucleus assay would not totally offset the reported positive
bone marrow metaphase assay because (a) the metaphase assay is
generally considered to be more sensitive, and (b) the negative
assays were performed at roughly equivalent dose levels. Alse,
vehicle effects may influence the results. The positive study
used olive o0il and the negative study used CMC. Brusick again
points out that a closer inspection of olive oil studies would be
valuable and that the bicavailability of atrazine from CMC might
be investigated. Owverall, it would have been useful to rapeat
the published study to address the possible concern for atrazine
mutagenicity. Additional testing for dominant lethal effacts,
effects by plant metabolites and possibiy aneuploidy was also
recommended in the April 26, 1988 memo.

II. Recent ccmmunication from Adler on published paper

This reviewer has been in contact with the author of the
Adler paper published in Mutation Research. Dr. Adler has sent
to OPP the summarized Progress rReports of the atrazine work
performed by her and her colleagues. These include summary
tables of their data for our evaluation. Summarized progress
reports of four studies submitted by Dr. Adler included 1)
induction of dominant lethals in male mice, 2) spot test for
somatic mutations in mice, 3) chromatid aberrations in movse bone
marrow, and 4) micronuclei in polychromatic erythrocytes orf mouse
bone marrow. The first three studies are reported positive by
the investigators and the micronucleus test negative. It should
be noted that raw data and complete protocols were not provided
and that Dr. Adler plans to publish this information in 1989%.
While each of these studies individually would not be classified
as acceptable to satisfy the different categories for
mutagenicity testing (e.g. incomplete protocols; no report of
positive controls; use of only one sex in the mnmicronucleus
assay), the data provide enough information to elicit 2 concern
for a possible mutagenicity concern for atrazine. It is the
responsibility of the Agency to be aware of such concerns and
address them. That was the intention of the April 26, 1988 memo
from this reviewer to Robert Taylor when it stated that tke
reported pesitive published studies should ke examined in more
detail. The registrant should address these concerns with
acceptable submitted studies.
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Atrazine was examined for dominant lethal effects in hybrid
male (1l01xC3H)F; mice (investigators were U.H. Ehling and J.
Kratochvilova). ~ Male mics were exposed to atrazine at a dose of
2000 mg/kg by oral intubation in olive oil. This dose was lethal
to 14% of the exposed nmice. Males were mated to females for up
to 48 days post-treatment in 4 day mating intervals (new females
every 4 days). There was a low frequency of fertile matings in
the first mating period (38.6% compared to 96% frsquency for the
control) . Howaver, once pregnant, females appearad to have a
comparable number of corpora lutea and implants as the controls.
There was a slight increase in dominant lethal mutations in the
first 3 mating periods (i.e. first 12 days mating post-treatment)
as evidenced by an increase in the percent dead implants over
controls.

A spot test was parformed to examine for presumed somatic
nutations in mice (investigator was A. Neuhauser-Kliaus). Embryos
waere treated in utero with atrazine on the ninth day after
conception by orazl administration to <the mothers. Three
experiments were reported. The original experiment administered
atrazine in olive oil at single doses of 600, 800, 1000 and 1250
mng/kg. Offspring wers exanined for color spots at 2-3 weeks
after birth and then again at 3-4 weeks. Toxicity was seen as an
increase in sterile females up to 800 mg/kg. Higher doses killed
some females (precise numbers not provided). However, litter
sizes at weaning were not influenced. No evidence in an increase
of color spots was evident after atrazine administration up to
80C mg/kg in olive oil (no data at higher dosing;. Atrazine was
orally administered in corn oil with 0.2% tocopherclacetate at
600 mg/kg in the remaining two experimenta. Other conditions
appeared similar to the original experiment. In one of these
experiments, atrazine increased the number of color spots over
control in a statistically significant manner (p=0.031), whereas
in the other experiment, there was an increase, but was not
statistically significant (p=0.061). The investigator examined
the results in all three experimenta and found they were
homogenous within control and within experimental groups.
Therefore, the data were pooled and a statistically significant
difference baetween controls and treated groups was found
(p=0.007). The author concluded that 600 mg/kg atrazine induced
spots when suspended in oil. Only spots of genetic relevance
were analyzed (i.e. white mid-ventral spots not included). Wwhile
these data do not impact on heritable risk, they suggest there
may be a concern for somatic mutations and perhaps for
reproductive/developmental effects.

Two in vive cytogenetic studies ws.« Jerformed with atrazine
{(investigators were U. Kliesch ard I.-0. Adler). Abarrations and
micronuclei were assayed in bcone marrow from hybrid (101xC3H)F;
male mice after oral administraticn of atrazine. The aberration
study is the one mentioned above (Part I). A single oral dose of

3
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atrazine at 2000 mg/kg ir. olive oil was given to 8 animals. Bone
marrow was obtained 24 hours after <treatment and 125
mitoses/animal scored. An average aberration frequency increase
of 4.1% vs. 0.7% for controls was found. Only deletions of the
chromatid type were reported. In the micronucleus experiment, a
single orzl) dose of atrazine at 100, 500 or 1000 mg/kg in DMSO
was given to 4 animais/dose/sacrifice time. Bone marrow was
obtained at 24, 48, 72, 96 and 120 hours after treatment and 2000
polychromatic erythrocytes/animal were scorad. Negative results
wera obtained. In this same report, an additional data entry
appears to show that atrazine was also tested in the micronucleus
test at a single dose cf 2000 mg/kg in olive oil and bone marrow
obtained 24 hours after treatment. These resgults were also
negative. The negative micronucleus results appear consistent
with the registrant's own micronucleus test rasults performed in
a different mouse strain (MRID #407223-01).

III. Requirements for Registration Standard

As far as minimal requirements for mutagenicity testing is
concerned, tha category for othar genotoxic effects has not been
fulfilled. This is a data gap that should ba addressed in the
Registration Standard. Tests that may be appropriate here may
examine for aneuploidy and/or the impact of plant metabolism.
Since these are not routine tests, the selection of what test(s)
to perform for this category should be discussed with the OPP.

The results from the dominant 1lethal assay suggest that
there may be a concern for heritable risk from atrazine exposure.
The reduced fertility frequency indica:es that there is exposure
to the germ cells in the exposed males. The slight increase in
dominant lethal erffzcts suggests that there may be genetic
alterations that could be transmissible. It should be noted that
since the results are not overwhelmingly positive, the results
alone do not suggest a very high priority concern for heritable
risk. However, atrazine warrants further examination due to the
potential exposure to humans. Atrazine is among the most
commonly occurring pesticides in ground water. It is also found
in surface waters. The high frequency of atrazine detection in
ground water is related to its high volume of use. More pounds
of atrazine active ingredient are applied in the United States
annually than any other pesticide (with the possible exception of
alachlor). 1In addition, for applicator exposures, there are many
instances where the margins of safety and margins of exposure are
considered to be of toxicological concern. With this high
potential for human exposure, the Agency should deal with any
concern for potential health effects, heritable risks included.

Ciba-Geigy has also performed a dominant lethal test in mice
{Document #005833). However, this assay was considered
unacceptable despite the collection of additional information
concerning this dominant lethal assay. It should be noted that

4
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this endpoint was a concern as Adler (1980) reported a positive
effect in this assay (discussed above). The Agency wouls like to
see this result addressed. Brusick states in his review that the
positive effects were found at a higher dose level thau that of
the submitted dominant lethal study and since there were no other
confounding factors, the positive results are accepted in hisg
analysis. Again, it should be mentiocned that vehicla aflects
may play a role here (the positive study used olive oi1l, the
negative study used CMC).

It is suggested for the Registration Standard that an
acceptable dominant lethal asgay with male mice be perforued with
atrazine active ingredient. Since it is the Iintertion to
reproduce the published study's results, it is highly recummended
that the registrant discuss with the OPP the protococl(s) for
which to perform this test (e.g. selaction of doses, cose range,
vehicle, animal strains). This test should be able to be
completed and reported to the OFPP within a one vear tinme period.
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Reviewed by: Sanford W. Bigelov, Ph.D. /{’?'/7/ /688
Section VI, Toxicology Branch (TS=769¢) ~ /

Secondary reviewer: Judith w. Hauswirth, ph.D. ' -
Section VI, Toxicology Branch (TS~769¢C) ?.M mlqm/g riche

DATA EVAIUATION REPCRT

I. SUMMARY :
SIUDY TYPE: Metabolism - rat (85-1) CASNELL NO: 63
ACCESSION NUMBER: MRID NO.: 404375-01

IEST MATERIAL: Atrazire

SYNONYMS: 2-Chloro-4-cthyluino-s-icopropyluino-g-trhzinc

SIUDY NUMPER: ABR-87116

SPONSOR: CIBA-GEIGY Cozrp., Agricultural Division, P.0. Box 18300
Greensboro, NC 27419 Thozas Parshley, Regulatory
Specialist (919) 292-7100 Xx7207

IESTING PACILITY: CIBA-GEIGY cCorp., Biochemistry Dept., Pp.o.
Box 18300 Greensboro, NC 27419

w: A Summary of the Disposition Kinetics and
Netabolism of Atrazine in the Rat (Cenemrs

Metabolism).
AUTHOR: G.R. orr
REPORT ISSUED: November 17, 1987
SONCLUSIONS:
The data regarding the distribution, Retabolisa and
the .lilffl—:-i..ré%t atrazine were provided in this report. 7o

this end, three Séparzte experiments wers conducted with the use
of three groups of rats. Radiolabeled atrazine (triazine ring,
uniforml labeled) was used by the author to Beasure the
disposit of atrazine and/or its Retabolites in the rat. The
first experiment was perforned toc assess the distribution and
elimination of atrazine in male and female rats repeatedly
exposed to daily doses of atrazine. The second experiment was
performed to assess in further detail the distribution of
atrazine in female rats, especially in the red blood cell. The
third experiment was conducted ¢to identify the urinary
netabolites of atrazine formed by the femaie rat. The
absorption of atrazine in male or female rats vas not rsported.
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adninilt-red.orany is excreted within 7 days after cessation of
eXposure. The route of atrazine excretion wvas Teported to he
independent of the dose and sex of rat, About 78% of the
atrazine is excreted through the urinary route whereas about 20%
of the atrazine is eliminated in the feces. The elimination
route for the ramaining S% was not Teported. Alsc, the level of
atrazine elimination by exhalation or through the skin (sveating)
was not reported.

+ The data reported in this study
indicates that dechlorination of the triazine ring ang N=
dealkyiation are the major metabolic Pathvays for atrazine ia
rats. oOxidation of the alkyl substituents of atrazine appears to
be a minor and secondary metabolic route. :

The author argues that a "carbon-sul fur lysse,” cleaves the
glutathione residue from an atrazine metabolite to produce a
'chiol-containing atrazine metabolite. The author further posits
that the action of the lyase results in the covalent binding of
the thiol-conuininq atrazine metabolite to hemoglobin in the
red blood cell, a finding from the multiple expesure studies
(depicted in Table 7). However, the author has not provided
evidence in this study wvhether lyase is Present in red blood
Cells.

SUNmAry. The vhole body half-life of 1.61 days for atrazine is
consistent with the cbservation that 9sg of the administered dose
is elimination within 7 days after eXposure. The rad cells store
the highest concentration of atrazine in the rat, apparently
through the covalent binding of a metabolite. Under the dose
regimen eamployed in this study, atrazine does not accumulate in
the rat.

Slassification: Acceptable: This classification is based
on the fact that the methodology requirements astablished in the
Pesticide Assessment Guidelines, Subdivision r ggs-3 have Deen
satisfied only for reporting (1) the identity of urinary
metabolites of atrazine in female rats ag vell as (2) the
distribution and excretion of atrazine in male and female rats.
Hovever, all of the data requirements for Retabolisa studies set
forth in Subdivision P §85-1 have not been reported, i.e., (a)

(b) the fecal netabolites of atrazine in famales nmust be

identified to Completely satisfy the §8s-3 data reporting
requirements for the metabolism of atrazine in the rat. '
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N Table fn
sigument this s
(Atrazine Distribution Experisent)
Daily Oral Duration
Test Dose Given Rats of
1 Control 0 | 10
2 Lowl (LDT1) 1.0 2 10
3 Low2 (LDT2) 3.0 2 10
4 Low3 (LDT2) 7.0 2 10
3 Lows¢ (LDT4) 10.0 2 l0
6§ Mid1 (MDT1) %0.0 2 10
7 Bigh (BDT1) 160.0 2 10
N Table :n
Assignment this study
(Atrazine Metabolism Experiment)
Daily oral Duration
Test Dose Given Rata of
Sroup {ma/kg) {feamale)
1 High 100.0 L] 1
2 Mia 16.2 - 19.6 8 1
H Atzrazine was wag given orally to the

rats (via a stomach tube) as an active ingredient or as a

labeled active ingredient. Animals wvers allowved free
access to animal feed (Purina) ang tap wvater. The animals
were asllowed a one-week acclimation period prior to
initiation of experimentation.
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m: _
obsexvationg: The fraquency of clinical observations made
on these rats was not provided in this summary report.

mmmmxm_unmun_mgmz Thare were no
treatnent-related deaths Teported in this st

Atrazine dosage regimens: Three Separate experiments were
conducted with the use of three gzoupe of rats. The first
experiment was performed to assess the distribution and
elimination of atrazine. The second experiment was
. performed to assess in further detail the distribution of
atrazine, especially in the red blood cell. The third
- experiment was conducted to identify the atrazine
metabolites formed by the rat.

Experizent 11. As shown in Tables 1, 2, and 3,
respectively, three groups of rats (5 males and % femzles)
wvere treated orally with atrzizin.. The first group
received a single oral dose of l4c.gtrazine at 1 ? a
!:cond group vere given a single orzl dose of 100 ug/kg

C-atrazine; and a third group received daily oral doses
of 1 mg/kg of nomdiolnb:}od atrazine for 14 days and on
day 15, wvas given 1 ng/kg *+%C-atrazine. :

Following the last dose of 14c-atrazine in each group,
the feces and urine were collected in each animal for 7
days. Following this, the rats vere sacrificad and the
urine, feces, and red blood cells, and the following
selected tissues were analyzed for léc content (Figure i).
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in ﬂch group vas sacrificed 3 hours after the tenth dose
-of Cratrazine and the other animal in ea group was
- sacrificed 72 hours after the tenth dose of 4c-atrazine.
The distribution of C-label in the urins, fecaes, rad
-blood cells, and the fellowing selected tissues was
. deternined for each female rat (Pigure 2).

FIGURE 2

Tongue | | Aortae IX | Braine®_§
Salivary glands® | | Heart+*¢ _ I | Peripheral nervaes
Escphagus» | | Bone marrow*4 | | Spinal cord {3 levels)#*s
Stomach®» | | Lymph nodes#* IX | Pituitarye
gu;domm* } :slpl«n: I | Eyes (optic n.)#*$
ejunume+ Thynus

X | Red blood cell
Ileum#* Uregenital [ | Adrenal glands
Ceacum® |X | Kidneys#»+¢ I | Exorbital lacrimal gland¢
Colon® | | Bladderw IX | Mammary glands
Rectum* | | Testas**g | | Parathyroidsg*
Liver »*¢ | | Epididymides | | Thyroidse*+
Gall bladder+3 | | Prostate
Pancreas» | | Seminal vesicle| | Bone {femur) +»#

|X | Ovaries**¢ ] | Muscle*#@
Trachea*$ | | Uterus+¢ [ | Skineg :
Lung#*¢ | | Cexrvix I | All groes lesions
Nose~ | | Fallopian tubes and sasses*
Pharynx~ I | Residual Carcass¢
Larynx~ I | Pate

I | Plasma (blood) ¢

Required for subchronic and chronic studies.

Required for chronic inhalation.

In subchronic studies, examined and preserved only if indicated
signs of toxicity or target organ involwvement.

Organ weight required in subchronic and chronic studies.

Organ weight required for non-rodent studies.

Required for determining distribution in metabolism studies.
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. The S male and S female rats vere used to
assess the disposition and elimination of atrazine after
single or nmultiple cral doses of atrazine. Table 4 shows
that the total recovery of atrazine .v.ftq.d 102.9% for the
greup given a single dose of 1 ng/kg +4C-atrazine, 103.2%
for the group of rats givan a singla doss of 100 ng/kg 14c-
atrazina, and 88.3% for tha group of rats given a daily
dose of 1 mg/kg atrazine followed by a single dose of 1

' mg/kg l4c-atrazine on day 15 (referred here as the
multiple dosing or the multiple exposure group).

Concerning the elimination of nt:liine or its
metabolitaes, approximately 95% of the C~label was
excreted within 7 days of the last exposure (Table 4). In
all 3 groups of rats, roughly 75% of the ‘c-llabol vas
excreted in the urine whereas about 208 of the 4c-label
vas eliminated in the faces. Both discussion of other
routes of elimination and the remaining 5% of the
administerad atrazine were not reported.

Howvever, differences between dosage groups for tissue-
borne l4c-label were observed. A statistically liqnififant
decrease (p <0.05) in the mean level of tissue-borne léc-
label was found in those rats given a single dose of 100
ng/kg when compared to the group of rats who received a
single dose of i mg/kg atrazine. Also, a statistically
significant decrease (P <0.0%) in the mean level of tissue-~
borne l4c-label wae found in those rats treated with
multiple oral doses of atrazine when compared to the {+]
of rats whe —eceived a single oral dose of 1 ng/kg Léc-
atzatine. No differences were observed between sexes
regarding the percentage of léc-label that was excreted in
the urine and feces (Tanle 4). The pattern for tissue
distributed between single and multiple SXposure groups
W similar (Table S c:cllected 7 days after expesure to
l4c-gtrazine.

The red blood cells (RBC) had the highest levels of
léc-1abel of all tissues studied (Table S). The ratio of
RBC binding cf the 14c-lasel was proportiocnal to the dose
administered, i.e., the concentration for the high dose.
single exposure group (10C ug/kg) was about 100 times that
of the low dose single axposure group (1 =g/kg), and the
tissues concentration of tas multiple dose group (1 rg/kg
for 15 days) waa the same (1.11 and 1.00) to that of the
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Ancther experiment was conductad with a lgrotocol
4

designed to determine the bodily disposition o C~label
after multiple doses of lé4c-atrazine. The reacovery of the
total dose avcri?d, 89.2% in rats killed 3 hours after the
- tenth dose of ‘%C-atrazine and 94.2% in rats killed 72
"~ hours a!t.f the tenth dose of léc-agtrazine averaged. The
amount of ‘4c-label of the total dose excrated in the fecss
in rats killed at 3 hours was 13.4% and was 14.8% in rats
killed at 72 hours independent of tha dose. Tha amcunt of
l4c-label of the total dose sxcreted in the urine was 69.5%
in the rats killed at 3 hours and 76.3% in the rats killed
-~ at 72 hours independent of the dose. The total percentage
~of the initial dose l4c-atrazine excreted in the urine and
feces in the rats killed at 3 hours was €2.9% and in the
rats killed at 72 hours was 91.1%.

« In this multiple dosing
experinent, pl&:m concentrations were related linearly to
the dose of I4c-atrazine (Table 6). That is, plasma
concentrations in rats given 100 ®»g/kg l4c-atrazine vere
roughly 100 times that of rats given 1 mg/kg léc-
atrazine. This comparison applies te all of the dosage
groups at most time points listed in Table . Overall,
during daily dosing plasma levels of atrazine or its
metabolites generally rose and resached an apparent plateay
or steady-state. After daily dosing had stopped <the
following toxicokinetic values were calculated from the
data obtained:

° the whole body half-life, or 1/2, ©f 38.6 hours

(1.51 days) for the eliminatich® of atrazine or
its metabolites,

- ths estimated volume of distribution, or vg4, for
the Jaily dose of 10 mg/kg was 4.15 L/kg, an

-] 3t 2 dosa of 10 Bg/kg, the mean plasma
concsntration of atrazine or its netabolites at

steady-state was 5.61 ag-equivalents l4c-label/r
of plasma.

For distribution models that follow first-order kinetics
such as this model proposed for atrazine, two relationships
are found: (1) ¢, /2 and V4 are independent of the dose and

(2) the plasma ’‘concentration of 1Pc-lah.1 is directly
proportional to the dose of l4c-atrazine.
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- methode used for determining plasma concentrations of

. atzagine its netabolites was eEploysd to measure the
level of ‘c-ubﬁ in red blood cells (RBCs). The
concentration o

- daily dosing of l4c-atrazine and did mot reach 8 plateau or
steady state (Table 7). RBC concentrations appearad ti be .

. proportional (usually Supralinear) to the dose of iéc-

- atrazine. Att"r cessation of daily dosing, the

- concentration of l4c-label declined for sll doses except

. the highest dose, 100 mg/kg l4c-atrazine.

After daily doging vas stopped, the data wvas obtained
from the level of léc-label in the urine. The following
-toxicokinetic values were calculated from thosa data:

e the mean dosage half-life, or t1/2, wvas 1562.9

hours (8.14 days) for the elimination of atrazine
or its metabolites from RECs 0

o the estimated volume of distribution, or Va, for
the daily dose of 10 Bg/kg wvas 0.7 L/kg, and
'7'_o at & dose of 10 ng/kg, the mean Plasma

concentration of s :razine or its utafolitos at
staady-state vas 104.6 mg-equivalentsg 14
of cells.

- The RBC:plasma concentration ratic was roughly
related linearly in all dose levels. The estimated half-
life of 8.14 days and the large volume of distribution
104.6 mg-equivalents/L) in RBCs indicate that extensive
binding of atrazine and its metabolites in RBCs wvers
occurring. (The life span of 2 rat RBC is 43-56 days).

The authors speculate that binding of léc-label is of a
covalent naturs.
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Lissue concentrations of atrazine. The tissue concentrations of
atrazine and. its netabolites were measured in selected tissues

from animals killed at 3} and at 72 hours (Table 8). at all
doses, tissue levels of l14c-label are consistently lover in all
anizals killed 72 hours after cessation of l4c-atrazine exposure,
a finding that corroborates the observed decline in plasma
concentration of l4c-label (Table #}. The liver had tha highess
tissue concentration of L1léc-lake + folloved by the Kidney,
pituitary and ovary. The brain had the lowest tigsue
concentration in this experiment. R respect to =making dose
comparisons, tissue levels of 1 C=label were qcnariily
supralinear, i.e., the tissue level in rats given 100 mg/kg l4c-
atrazina was generally 200 times higher than that of rats given 1
Bg/Rg léc-atrazine. . In animals sacrificed at 72 hours, thas
mammary tissue:plasma concentration ratio at 1 mng/kg wvas 0.042

and at 100 ng/kg was 0.49; a difference that is roughly
proportional to the dese of atrazine. ‘
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B. Ihe Metakolisn of Atrazine

To examine the =metabelism of atrazine in rats, 100
ng/kg of léc-atrazine was given to rats and the l4c-labeled
retabolites were isolated and identified. A recovery cof
103.78% of the total radicactivity was achieved. Tha
urinary routs accounted for 47.4% of the elinination
whereas 49.3%t of the l4c-label was eliminated via the fecal
routa. The tissues contained 5.75% of the 14:{-1&.1 vaile
the blood contained the remaining 1.4% of the iéc-label.

In vivo metaboligm of atrazine. The molecular structures
of the urinary metabclites cbtained from the first group
rats vere unattainable, so a second group of 8 rats were
given 16.18-19.64 mg/Xg léc-strazine. Tha metabolites were
collectaed within the 0 to 24 hour time pericd after
eXposure. The urine was freeze dried. Then the
metabolites wers dissolved in a small amount of wvater that
vas acidified with HC1l ts pH 3.0 and separated with an
anino acid analyzer (to detect the amine acid residues of
glutathicne) coupled with a cation exchange column.

A total of 19 radiocactive peaks were detected, thrase
of which were identified as metabolites by comparison of
the infrared and mass spectra. The identity of two other
metabolites was postulated based on additional mass
spectral information. The molecular structures of some of
the atrazine metabolites are shown in Figure 1 and the
numbers in this figure corzespond to the =metabolites
discussed in the text. Eight metabolites were identified
and the major metabolites are listed below:

o  2-nidrGiy-atrazine (7), |
o 2-h -4~amino-§-isopropylaminc-g-triazine (8).,

7
- 2-h oxy-4-ethylamnino-6-amino-g-triazine (14},
and ,

- z-—n&ﬂq s6=diamino-g-triazine (3).

The identification of the major metabolites above indicates
that dechlorination of the triazine ring and N-dealkylation
are the major metabolic pathways for atrazine in rats.
Because four other minor metabolites that possess comega-
carboxyl moieties were identified (s, 10, 11, 123,
oxidation of the terminal methyl moieties in the alkyl

substituents appears to be a minor and secondary metabolic
route.
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proporticnal to the dose of atrazine. Plasas concentrations of
atrazine measured during and atter atrazine Sxposure shoved that
the whole body half-life (tl(z) of atrazine or izs nstabolites is
38.6 hours (1.61 days) in rits. These reported Zindings further
indicate that atrazine does not accumulate under this expesura
regimen in the rat. '

As mentioned above, the highest level of ntrizino vas found
in the RBC. The estimated half-life of 8.14 days in RBCs (as

occurring. Howaver, after cessation of multiple &Xposure, the
concentration of atrazine or its metabolites in Racs declined at
2ll doses except for the highest dose, 100 »g/kg atrazine.

atrazine is excrsted through the urinary routs vhereas about 20%
of the atrazine is eliminated in the fecas. The elimination
route for the remaining 5% was not reported. Also, the level of
atrazine elimination by exhalation or through the skin (sveating)
wvas not reported.

+ The data reported in this study
indicates that dechlorination of tha triazine ring and N-
dezlkylation are the major metabolic pathwvays for atrazine in
rats. Oxidation of the alkyl substituents of atrazine appears to
be a minor anq sacondary metabolic route.

The author argues that a “carbon-sulfur lyase,™ cleaves the
glutathione residue from an atrazine metabolite to produce a

red blood cell, a finding from the multiple exposure studies
(depicted in Table 7). Hovever, the author hag not provided
evidence in thisg study whether lyase is Present in red blood
cells.

SUERAXrvy. The whole body half-life of 1.61 days for atrazine is
consistent with the cbservation that 95% of the administersd dose
is elimination within 7 days after exposure. The red cells stors
the highest concentration of atrazine in the rat, apparently
through the covalent binding of a metabolite. Under the dose -
regimen employed in thig study, atrazine does not accumulate in
the rat.
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Data Evaluation Report Q08718

Compound Atrazine

Citation

Dermal absorption of l4C-Atrazine by rats (general
metabolism), T. Murphy, Biochemistry Dept., Agricultural
Division, Ciba-Geigy Corp. Study No. ABR-87098; 11/6/87, MIRD
404313-08.

This document contains the following report which
describes the in life portion of the study;

Dermal absorption of l4C-Arrazine in Rats, E.M. Craine,

WIL Research Laho:at?;ies, Pro?ect No. WIL-8201S, 11/5/87.
_&7-

Reviewed by Robert P. 2 an‘Ph.D.j /‘;f’/cf’/
Senior Pharmacologist

core Classification Acceptable
Conclusions

Atrazine in 4L formulation is absorbed in relatively
small amounts through the skin. Typical values are 2.00, 0.53
and 0.26 § for 10 hour exposures to doses of 0.01l, 0.1 or 1.0
mg/cm2. Significant quantities remain on the skin after
washing with soap and water (24.87, 21.10 and 10.49 ). No
significant differences in absorption were observed betseen
the 4L and 80W formulations tested at 1.0 mg/cm2 for 1¢ :
hours. The data indicate that absorption is approaching
saturation at the high dose.

Materials
Artazine uniformly ring labeled,

low and mid doses
22.0 uCi/mg, 99.5%

high doses
2.3 uCi/mg, 99.0%

Crl:CD®BR male rats 27-41 days old from Charles River
Breeding laboratories

Experimental design and methods

Dose preparation and sample analysis was performed at
Ciba-Geigy and the in life portion of the study at WIL.

"The low dose was prepared by mixing throughly 4.0 mg of
l4c-atrazine and 5.3 mg of the formulant (4L), then suspending
the mixture in 2.0 ml of deionized water. The middose was 333
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prepared by mixing 40 mg of ldc-Atrazine and 53.0 mg of blank
formulation (4L) and then suspending the mixture in 2.0 ml of
deionized water."

"The 4L high dose fornulation was prepared by mixing
throughly 530 mg of formulaat and 400.0 mg of l4c-atrazine,
cthen suspending the mixture in 4.0 ml of water. The 80W high
dose was prepared by mixing 200.0 mg of l4c-aAtrazine and $0.0
mg blank formulant, then suspending the mixture in 2.0 ml of
deionized water.

Two groups of 15 and one group of 20 male rats were
treated decrmally with single doses of l4c-atrazine at
9.1, 1.0 and 10.0 mg/rat (0.01, 0.1 and 1.0 mg/cm2)
trespectively. Four animals at each dose were dosed with 4L
formulation and exposed for 2, 4, 19 and 24 hourgs. The
temaining four animals at 10.0 mg/rat were dosed wich 80w
formulation and exposed for 10 hours.

"The test matesrial preparations were stored frozen,
warmed to room temperature and sonicated 10 minutes prior to
analysis and dosing on the appropriate test material apolication

day."

The anterior dorsal hair was shaved from each rat and
the area washed with acetone 24 hours prior to dosing. Tes:
material was applied to a 2.5 % 4 cm (1ncm2) area by pipette.
The application site was covered with a prccective device
consisting of a stomahesive bandage as a wall and a filter
paper cover.

Animals were individually caged in metabolism cages and
total urine and feces collected.

Animals were sacrificed at the end of the exposure period.
The protective device was removed and washed. The applicacion
site was washed with a de:ergent solution and water rinsed.

Blood, application s.ze skin, skin under the bandage
and the carcass were collected.

The following samples from each animal were sent to Ciba-
Geigy for analysis;

“pipet washes, urine, Lt<w2s, washes, extracts, samples from
the protective coverings, gauze, blood, skin samples and
carcasses,"

Results

Sample analysis for radioactivity at WIL indicated that
dosing suspensions were homogenous and of the expected activity.

No compound-related effects on the rats were reported. 334
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Dermal absorption data is Summarized in Table 1 below

006937

006718
06718

and presented in detail in Tables III - VI of the report.

Table 1. Summary of dermal abgorption data. All values are
aeans of 4 animals. All animals desed with 4p, formulation
eéxcept as noted. Data from Tables IIT - VI of the repore.,

Dose Exposure Absorbed, on_skiny, gggggggggc
(mg/cm?)  (hours) (%) (3/hr) (mgxl0~3) (%) {s)
6

0.01* 2 2.63 0.34 23.83 77.25
0.009t 4 1.24 0.31 11 20.56 71.88
- 10 2.00 0.20 18 24.87 69.51

24 4.93 0.21 “ 20.72 69.02

0.1 , 2 0.21 0.11 20 25.06 71.55

0.095 4 0.36 0.09 34 18.97 75.72
10 0.53 0.05 50 21.10 78.93
24 1.26 0.05 119 29.04 67.43

1.0 2 0.13 0.06 107 11.24 88.67

0.82 4 0.09 0.02 74 14.69 88.00
10 0.26 0.03 213 16.49 89.29
24 0.21 0.01 172 9.58 91.03

i.gzaow 10 0.24 0.02 244 8.81 89.15

* Nominal dose.

T Applied dose.

a. Total of blood, carcass, urine and feces.

b. Total of skin I and skin II.

C. Total of bandage rinse, bridge rinse, paper rinse, soap

rinse, water rinse, qauze A, qauze B and cage wash.

Discussion

The percent of dose absorbed followed the most common

pattern of absorption with the percent increasin
and decreasing with increasing dose. Significant
of test material remained on/in the skin followi
water wash. There are clear indications that the
approaching saturation at the high dose in that;

l. The percent absorbed per hour decreased
each dose and the proportionate decrease was lar
increasing dose.

g with time
quantities

with time in
ger with

2. As the dose increased the total quantities absorbed
increased proportionately less per dose increase.

3. The quantity on/in the skin increased tan fold from
0.01 to 0.1 mg/cm2 but only five fold from 0.1 to 1.0 mg/cm2,

335
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For regulatory purposes the test mat2-:12l which remains
on/in the skin after soap and water wash ic congidered
absorbable. PFor risk assesments the percoar- absorbed is
added to the percent on/in the skin to deze:mining quantity
absorbed. However, the Possibility exists .-hae the relatively
large quantity remaining on/in the skin is :p artifact of the
experimental procedure. A recent study, des ined to determine
if the material remaining on/in the skin af-ir washing could
be absorbed, showed that 2 to 3 times more raterial could be
washed from the skin of living animals ther ‘rom the skin of
recently sacrificed animals. In this Study t-e animals were
Sacrificied before washing the application s re,

This possibility may be tested by treaz: g 4 animals per
dose for 10 hours exactly as was done in th.s study but
washing the appliction Site before sacrific:r: the animals.
The ten hour exposure time is suggested as “Cleling a worker
who washes at the end of the working day.
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Identity of product inert ingredients.

Identity of product impurities.

Description of the product manufacturing process.
Description of quality contrél procedures.
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A draft product label.

The product confidential statement of fortiula.
Information about a pending registration action.
FIFRA registration data.

The document is a duplicate of page(s) .
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the individual who prepared the response to your request.

If you have any questions, please contact
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Statistics:

The following procedures were utilized in analyzing
the numerical data:

one- and two-way analysis of variance (ANOVA) was used
to assess the statiatical significance of results between
dose, trsatment groups or sex. When appropriate, Dunnetts
or Newman-Keuls t-tests wvere performed to assess
differences bstween group maans.

Por gesnerating the kinetic modals, the excretion data
was used. This evaluation was performed by I.W.P. Davidscn
of Bowman Gray School of Medicine (Wake Forest University).
The evaluation was limited because of the lov number of
rats used in sach group. Additi:nal kinetic paranetars
such as rats constantsa, half-life values, and alpha and
beta distribution values were cobtained with the usge of the
ESTRIP and PCNONLIN computer programs calculated by C.NM.

Metzler and D.L. Weiner (Statistical Consultants, Edgewcod,
KY).

Quality Assurance:

A signed quality assurance statement was provided by a
quality assurance inspector from (1) SRI International, the
subcontracting laboratory where the distribution of
radiclabeled atrazine was studied and (2) Agrisearch
Incerporated, another subcontracting laboratory where the
anount of radioclabeled atrazine was measured. -
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METIODS :
-

Qbservations: The frequancy of clinical cbservations made
on these rats wvas not provided in this summary report.

Toxicity/moxrtality (survival) results: - Thers wers no
treatment-related deaths reported in this study. Rat ¢
3065 (givsn 3 mg/kg atrazine for 3 days) favored its right
side, and upon examination, the lungs wvere found to be
"present in the lower thoracic area."

Experimentsl Protocol: This experiment was performed to
assess in further detail the dose-dependent distribution of
atrazine, especially in the red blood cell. As listed :n
Table 1, in an effort to_study in more detail the
toxicokinetic disposition of l4c-atrazine as a function of
the dose of atrazine and the time of sacrifice, six qrgups
of female Sprague-Dawvley rats wers treated with l4c.
atrazine while another group of female rats served as a
control group. The groups ©of rats were dosed daily for 10
consecutive days at O mg/kg (vehicle only), 1 Ig/k% 3
mg/kg, 7 mg/kg, 10 mg/kg, 50 mg/kg, and 100 mg/kg iéc-
atrazine. The vehicle was an aquecus solution of corn
staxrch/polysorbate~80.

Urine and fecss vere collected daily. At 24, 48, 72,
96, 144, 192, 219, 240, 264 and 288 hours, blood sanplas
were obtained wvia orbital puncture. Five milliliters of
blood were collected by aortal puncturse at sacrifice. The
tissues selected for determining the distribution of lic-
label at each dose are listed in Figure 1. One of the two
animals in ea group wvas sacrificed 3 hours after the
tenth dose of 34C-atrazine and the other animal in each
group was sacrificed 72 hours after the tenth dose of L4c-
atrazine. The distribution of léc-label in the urine,
feces, red blood cells, and the following selected tissues
was determined for each female rat (Figure 1i).
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|
!
!
!
|
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| Tengue ] | Acrta® |1X | Braine,¢
| Salivary glandst* | | Heart#*¢ | | Peripberal nervet¢
| Esophaguse I | Bone marrcw*$ | | Spinal cord (3 leveals)»s
| Stemache I | Lysph nodes» |X | Pituitarye
| Duodenume® ! | Spleent | | Byes (optic n.)*#
| Jejunume* I | Thymus»*
IX | Red blood cell Glandular
Ileun* Trocanital | | AMdrenal glands
Cecum® IX | Kidneys*+¢ | | Exorbital lacrimal glands
Colon# i | Bladdexr* |1X | Xammary glande$
Rectum* | | Testes**¢ | | Parathyroidse*
Liver **¢ | | Epididymides | | Thyroidses**
Gall bladder+$ | | Prostats g
Pancreas® I | Seminal vesicle| | Bone (femur) o¢
IX | Ovaries**p | | Muscle*#¢
Tracheat$ }] | Uterus+*¢ | | Skineg
Lung=¢ | | Cervix | | All gross lesions
Nose~ ] | Fallopian tubes and nasscs®
Pharynx~ | | Residual Carcaes®
Larynx~ | | Fate

o an - o ——

| | Plasma (blood)é

Required for subchromic and chronic studies.

Required for chronic inhalation.

In subchronic studies, examined and preserved only if indicated
signs of toxicity oxr target organ involvement.

Organ weight required in subchronic and chronic studies.

Organ weight required for non-rodent studies.

Required for determining distribution in metabolism studies. -
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RESULTS :
A. Distribution of radiclabaled atrazine after repeated
daily dosing and mult .

The experiment vas conducted with a pﬂotocol designed
to determine the bodily disposition of 4c-}abcl after
exposure for 10 days to a number of doses of ‘4c-atrazine.
The recovery of the total dose avarag 89.2% in rats
killed 3 hours after the tenth dose of lécC-atrazine and
94.2% in rats killed 72 hours after the tenth dose of lic-
atrazine averaged. The amount of l4C-label of the total
dose excreted in the feces in rats killed at 3 hours was
13.4% and wvas 14.8% in rats ki iod at 72 hours independent
of the dose. The amount of C-label of the total dose
excrated in the urine was €9.5% in the rats killed at 3
hours and 76.3% in the rats killed at 72 hours inde ant
of the dosa. The total percentags of the inicial dose 14c-
atrazine excreted in the urine and faces in the rats killed

at 3 hours wvas 82.9% and in the rats killed at 72 hours was
91.1%.

Elasma concentrations of atrazine. In this experiment,
E asaa concentrations were related linearly to the dose of

C-atrazine (Table 2). K That is, plasma concentrations in
rats given 100 mg/kg 14c-at r:in?o were roughly 100 tinmes
that of rats given 1 mg/kg *‘“cC-atrazine. This comparison
applies to all of the dosage groups at most time points
listed in Table 2. Overall, during daily dosing plasma
levels of atrazine or its netabolites generally rose and
reached an apparent plateau or stsady-state. After daily

dosing had stopped the following toxicokinetic values vere
calculated from the data cbtained: :

° the wvhole body half-life, or t1/2, of 38.6 hours

(i.61 days) for the elimination of atrazine or
its metabolites,

-] the estimated volume of distribution, or Vg4, for
the daily dose of 10 mg/kg wvas 4.15 L/kg, u\%

- at a dose of 10 =mng/kg, the mean plasma
concentration of atrazine or its lites at
steady-state was 5.61 ng-equivalents l4c-label/L
of plasma.

For distribution models that follow first-order kinetics
such as this model proposed for atrazine, two relationships
are reported: (1) t;,; and Vq are :lng-poud.nt of the dose
and (2) the plasma concentration of 14c-label is dirsctly
proportional to the dose of l4c-atrazine.

344



D
-«
™ &
a m
(=) o=
D I~
0
(]
L]
SLi*T - goc’e o 0091 - 998°0 - - 0%c‘0 LIT°0 - oow
44 A A o= £ 4: 10 4 § i CTL’T == TLE'T == we 6eL'0 "I‘o - 14 4
996°6T - 114 2814 - 660°¢C - 14 Rl § - - €0L°0 G81°0 - oy
- SIi 1% - 18150 ¢ 4 - 490°S - 8vi‘e °0%°Y - b €86°0 61
0Ty 'y Yi9°32 289°LE LEP°C? STL'Y EPE°S  €EG°C 990°Y TI¥6°T 899°T 859°0 09¢°0 T6
G°69 1TSL°65 Y09°9C 691°6Z 601°S 690°S 6GE°C GTT°Y QO09°T oOcT°2 ¥66°0 TBS°O 142
096°9¢ 1LT°TS 8y T 69212 T99°% S9T°FP L¥PL°E TITE°C GS¥8°T 0808°T 96S°0 90%°0 94
) L2 1]
N LLO"LS oOTC'0Y BLL°LT 1Tt16°0C LS6°C 89T°P B9T°EC L9T°'C O9V°T ¢€BC°T S0v°0 69%°0 T
T0T°ET 9%6°8C {149 91°L £€66°T 600°T 88°T 860°1 19°0 tTsv°O 1I97°0 9861°0 1
96T TT YOU°LZ 6LT'8 16Z°6 91°T T90°T T9G°0 1IvL°0 GLE°0 €90°0 190°0 8%90°0 "
T EXY) T SEY)
L 4 L 4 43 € gL € gL € 14 gL L € :edFJraowes
JO anoy
€Losy gL0%8 14064 0LOSY 6906 890¢H L90GH 990%M $906¥ 99068 €905y T90%Y 4 Iy

BX75% 50T BY75W 0% BY75% 01 BY/Bu T TOB7BRT TBYBM Y ®80q

(I1IA o1qes wox3 ueywy)
997311088 J¥ puw pojaeq Guysog eqy Hurang (wdd) teqer-d

30 syeAw>] vaseiq
T oqus "




006937
00é718

RAC_concantrations of atrazine

method® used for deteraining plasma concentraticns of
atrazine ufl its metabolites was employed to measurs the
level of ‘c-ub! in red blood cells (RECs). The
concentration o C-label in RBCs rose during repeated
daily dosing of i4c-atrazine and did not reach a plateau or
steady state (Table 3). RBC concentrations -appeared ti be
proportional (usually superlinear) to the dose of léc¢.
atrazine. Att&r cessation of daily dosing, the
concentration of l4c-label declined for all dcsas except
the highest dose, 100 mg/kg l4c-atrazine.

After dally do!}uq was stopped, the data was cbtained
from the level of C-label in the urine. The following
toxicokinetic values were calculated from those data:

o the nean dosage half-life, or t;,3, was 1562.9

hours (8.14 days) for the elimination of atrazine
or its metabolites from RBCs,

° the estimated volume of distribution, or V4, tor
the daily dose of 10 mg/kg was 0.7 L/%g, and
o at a dose of 10 =mng/kg, the mean Plaszma

concentration of atrazine or its utafaoutu at

steady-state vas 104.6 mg-equivalents l4c-label,/r
of cells.

The RBC:plasma concentration ratio was roughly
related linearly in all dose levels. The estimated halg-
life of 8.14 daye and the large volume of distribution
104.6 ng-equivalents/L) in RBCs indicate that extensive
binding of atrazine and its metabolites in RBCs wvas
occurring. (The life span of a rat RBC is 45-3¢ days) .

The author speculates that binding of l4c-label is of a
covalent nature.
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Iissue concentrations of atrazine. The tissue concentrations of
atrazine and its metabolites were measured in selected tissues
from animals killed at and at 72 hours (Table 4). At all
doses, tissue levels of 24cC-label are consistently lower in all
animals killed 72 hours after cessation of l4C-atrazine exposure,
2 finding that corrcborates the observed decline in ‘plasma
concentration of 14c-label (Table 2). The liver had the highest
tissue concentration of 1l4c-label, folloved by the kidney,
pituitary, ovary and brain. The pectoral and inguinal mammary
glands had the lowest tissue concentration in this oxg::mnt.
In respact to making dose comparisons, tissue levels of 4c-label
were generally superlinear, i.e., the tissue level in rats given
100 mg/kg 14c-atrazine was generally 200 times higher than that
of rats given 1 mg/kg }4C-atrazine. In animals sacrificed at 72
hours, the mammary tissue:plasma concentration ratio at 1 »g/kg
was 0.042 and at 100 mg/kg was 0.49; a difference that is roughly
propertional to the dose of atrazines. '
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